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Nhffng thap nien 70-90 cua the ky XX, Ky thuat Mach dien 
tuf thufdng dufdc chia ra 3 phan: Mach dien tuf 1, Mach dien tur 2, 
Mach dien tuf 3 va dtfdc day vao 3 hoc ky cua nam thuf 3 va thtf 4 
trong cac Trudng Dai hoc ky thuat hay trong nam cuol cua cac 
Tracing Cao dang ky thuat nganh Dien tuf. 

Nhffng nam gan day, vdi sit phat trien manh va nhanh cua 
nganh Ky thuat Dien - Dien tu\ cac mon ky thuat cd sd thudng di/dc 
rut gon de danh quy thcii gian cho cac mon hoc mdi rat can thiet, 
mon Ky thuat Mach di$n tuf (1-2-3) diidc goi gon trong mon Mach 
Tudng tu\ 

Giao trinh “Mach Tucfng Tu" dtfdc soan theo htfdng thu gon 
tren, nhtfng van dam bao ly luan cd ban de ngtfdi hoc co the ttf 
nghien ctfu hoc len cao hdn va sau hdn. Vdi each trinh bay ddn giSn, 
ro rang, de hieu, loai bo nhufng phan tinh toan phut tap khong can 
thiet va chu trong vao nhffng tfng dung cu the trong thtfc te, hy vong 
rang giao trinh nay se la tai tieu hoc tap va tham khao tot, hffu Ich 
cho cac dot ttfdng la hoc sinh, sinh vien cac Trtfdng Trung hoc va 
Dai hoc ky thuat cOng nhu giao vien giang day cac mon ky thu^t cd 
sd nganh Dien - Dien tu\ 

Lan tai ban nay, giaq trinh dtfdc bien tap lai vdi hinh ve va 
cong thtfc chinh sffa theo dung tieu chuan, dong thefi kho sach thay 
doi thanh 16x24 cho tien dung dot vdi HS/SV. 

Rat mong nhan dtfdc stf gop y cua ban doc de sach ngay 
cang dtfdc hoan thien hdn trong nhufng lan xuat ban sau. 


Ngay 15 thang 6 nam 2007 
Tac gia 
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Chtftfng1 

LY THUYET Cti BAN CUA MACH KHUECH DAI 

§1.1- DINH NGHIA 

Trong ky thuat, ttf “khuech dai” diftlc dinh nghia la “dung mot 
nang Ilfdng nho de dieu khien mot nang lifting khac ldn hdn gap nhieu 
lan. Nang Ilfdng thuf nhat - nho - la nang lifting dieu khien, nang lifting 
thufhai - ldn - la nang lifting bj dieu khien”. 

TCT “khuech dai” khdng chi diftlc dung trong ITnh vifc dien tu' 
ma con diftlc dung trong cac ITnh vut khac nhU cd khx, tif hoc ... Thi 
du: don bay la he thong khuech dai cd khi hay bo khuech dai tCf tfng 
dung trong ITnh vifc dieu khien dien cong nghiep. 

Trong ITnh vifc dien tur nhieu linh kien co tinh nang khuech 
dai nhif: transistor lifting noi, transistor trifling ifng, op-amp ...vT cac 
linh kien tren nhan nang lifting cf ngo vao rat nho nhifng co the dieu 
khien diftlc nang lifting d ngo ra ldn hdn rat nhieu lan. Thi du: 
transistor nhan dong dien tT ngo vao la 1 b co tri so rat nho nhifng co 
the dieu khien dong dien tT ngo ra la Iced trj so ldn hdn Ib hang tram 
lan. 

Mach khuech dai dien tur co ky hieu nhtf hTnh 1.1. Nang lifting tl 
ngo vao va ngo ra thuflng diftlc goi la tin hieu vao va tin hieu ra. Tin 
hieu vao va tin hieu ra co the d dang dien ap hay ciftlng do dong dien 
va diftlc ky hieu la Vj , V 0 hay Ij, To. 


Vi 

It 



* Vo 

Io 


HTnh 1.1 : Ky hieu cua mach khuech dai 
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Mach TUdng Tif 


Nguyen Tan Phudc 


§1.2- CAC HANG KHUECH DAI 

Ba trang thai hoat dong cua transistor la: trang thai ngutig dan, 
trang th2i khuech dai va trang th<ii bao hoa (hinh 1.2). 



Tinh toan clc dien tr<5 phan cifc cho transistor nghTa la chon 
diem hoat dong tinh Q cho transistor do. Khi c6 tin hieu xoay chieu 
tac d6ng d ngo vao (hi di<?m Q se bi dbi cho va lam thay doi cac 
thong so khac cua mach. Dtfa vao diem hoat dong tinh Q ngUdi ta 
chia mach khuech dai ra cac hang khuech dai la: hang A, hang B, 
hang C vh hang AB. 

- Hang A: transistor dUdc phan ci/c cho diem hoat dong tinh 
Q d giffa vung khuech dai. 

- Hang B: transistor dtfcfc phan ctfc cho diem hoat dong tmh 
Q d trong vting ngtfng dan. 

- Hang C: transistor difdc ph&n cUc cho diem hoat dong t7nh 
Q nam sau trong vung ngUng dan. 
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Chirring 1 


Ly thuyet cd ban cua Mach khuech dai 


- Hang AB: la mot hang (rung gian giffa hang A va hang B, 
transistor se dt/dc phan ctfc cho diem Q <3 gitfa vung khuech dai va 
vung ngirtig dan. 

1- Khuech d$i hang A 

Phan tich tren dac tuyen ngo vao Ia/VuECua transistor, mach 
khuech dai hang A co diem hoat dong tlnh Q <3 khoang gjffa cua dac 
tuyen co V BE = 0,7V cho transistor Siva Vbe^ 0,2V cho transistor 
Ge. Khi transistor nhan difdc tin hieu xoay chieu d cifc B thi dong 
dien I B se thay doi theo tin hieu xoay chieu nay (hinh 1.3a). 


Ib 



Hinh 1.3a : Dac tuyen ngo vao d hang A 

Phan tich dac tuyen ngo ra Tc/Vce cua transistor, mach 
khuech dai hang A cd diem hoat dong tTnh Q d giffa difdng tai va 
Vce = l/2Vcc- Khi dong dien I B thay doi theo tin hieu xoay chieu se 
lam cho dong dien Icthay doi va keo theo dien ap V C Ecflng thay doi 
(hinh 1.3b) 

Cac dac diem cua mach khuech dai hang A la: 
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Mach Turing Tif 


Nguyen Tan PhtTflc 


- Khuech dai (rung thut tin hieu xoay chieu (khuech dai durdc 
ca hai ban ky cua tin hieu xoay chi£u hinh sin). 

- Dung cho cac mach khuech dai tin hieu co bien do nho. 




Hinh 1.3b : Dac tuyen ngo ra d hang A 

2- Khuech dai hang B 

Phan tich tren dac tuyen ngo vao Ib/Vbe, mach khuech dai 
hang B co diem hoat dong tmh Q d diem Vbe= OV nen Ir= 0 va Ic“ 
0. Khi transistor nhan dtfcfc tin hieu xoay chieu d cut B thi chi co 
mot ban ky dufOc khuech dai vi phan cue thuan moi ndi BE va Ir 
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Chitting L 


Ly ihuy£t cd ban ciia Mach khuech dai 


tang len, con mot ban ky lam giam phan cut moi noi BE xuong 
vung nguhg dan nen khong dude khuech dai (hinh 1.4a). 



Phan tich tren dac tuyen ngo ra Ic/Vce , mach khuech dai hang 
B cd diem boat dong llnh Q nam tren during bien giOfa vung khuech dai 
va vung ngdhg dan, V CE ,. Vcc. Khi dong dien Ib tang len theo tin hieu 
xoay chieu, dong dien I c cung tang len va lam cho dien ap Vcf. giam 
xuong. O ngo ra cung chi cd mot ban ky dude khuech dai (hinh 1.4b). 

Cac dac diem cua mach khuech dai hang B la: 
khi khong cd tin hieu, transistor nguiig (Ib = 0, Ic = 0) 

- moi transistor chi khuech dai dude mot ban ky nen muon cd 
du nguyen chu ky phai dung hai transistor de khuech dai luan phien 
cho hai ban ky. 

- dung cho cac mach khuech dai tin hieu co bien do Idn 

- hieu suat cao do edng suat dien tieu thu nho 

- tin hieu ra bi bien dang xuyen true (crossover distortion) 
(hinh 1.4c). 







Mach TUdng Ty 


Nguyen Tan Phtfdc 


✓ 

/ 

/ 


✓ 

/ 

✓ 



Hinh 1.4b : Dae tuyen ngo ra ft hang B 



Hlnh 1,4c: tin hieu ra bi bien dang xuyen true 


3- Khuech dai hang C 

Phan tich tren dac tuyen ngo vao Ib/Vbe , mach khuech dai 
hang C co diem hoat dong (Tnh Q nhm sau trong vung ngtfng dan va 
co V B e<= OV. Khi transistor nhan duWc tin hieu xoay chieu ft cifc B, 
neu tin hieu xoay chieu co dien ap dinh Vp<Vy thi transistor cung 
chifa dan di6n dtfdc nen khong co tin hieu ra, neu tin hieu co dien ap 
dinh V P >Vy thi chi co mot phan tin hieu dude khuech dai (hinh 1.5a). 
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Chifdng 1 


Ly thuyetcd ban cua Mach khuech dai 


1b 



Ttfdng ty khi xet tren dac tuyen ngd ra IcA/ C e , chi co mot 
phan cua ban ky dtfdng diAJc khuech dai va tin hieu ra bi dao pha la 
m6t phan ban ky am (hinh 1,5b). 

Cac dac diem cua math khuech dai hang C la: 

- khi khong co tin hieu, transistor khong dan (1 b = 0, I c = 0). 

- transistor chi khuech dai diTOc mot phan cua ban ky nen tin 
hieu ra bj bien dang rat Idn. 

- mach khuech dai hang C dung trong mach cat bo phan difdi 
ciia cac tin hieu (mach cat goc) hay trong cac mach dao dong, mach 
nhan tan so. 
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Mach Tirdng TiT 


Neuvcn Tan Phutfc 








Chi/dng 1 


Ly thuyct erf ban cua Mach khuech dai 


Tren dac tuyen ngo vao Iu/V B e, mach khuech dai hang AB co 
diem hoat dong tinh Q d giCfahang A va hang B - ngay diem thiet 
doan - va co Vqe = 0,6V cho transistor Si, Vbe = 0,1V cho transistor 
Ge. Khi transistor nhan duftlc tin hieu xoay chieu d ctfc B thi ban ky 
dtfdng dude rdi vao vung gan nhu' tuyen tinh nen dude khuech dai 
manh, ban ky am dUdc rdi vao vung dudi Vy nen transistor khong 
dim va khong co tin hieu ra (hinh 1.6a). 

Tren dac tuyen ngo ra 1 c/Vce, diem hoat dong tinh Q nSm d 
vimg gan ngUng dan nen Vce = V C c. O diem hoat dong tinh nay chi 
co ban ky dUdng cua tin hieu difdc khuech dai va lam dong dien Ic 
tang len. Tin hieu ra bj dao pha so vdi tin hieu vao nen chi co ban 
ky am cua tin hieu d ngo ra (hinh 1.6b). 

/ 

/ 

/ 

/ 

/ 

/ 

/ 



Hinh 1.6b : Dac tuyen ngo ra d hang AB 
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MacK Tilting Tit 


Nguyen T§fn Phifdc 


§1.3- BA CACH RAP CAN BAN 

Mach khuech dai dung transistor co the ditdc thiet ke theo 
mot trong ba each can ban la kieu E chung, B chung hay C chung. 

1 - Mach khugch dai ki£u E chung (CE: Common Emitter) 


+Vcc 



Hinh 1.7b 

So do hinh 1.7a la match khuech dai rap kieu E chung, tin 
hieu vao cf cut B va ra & cut C. O trang thai xoay chieu cac tu dien 
lien lac va tu phan dong CeCO tong trd rat nho nen coi nhubi noi tat. 
Hinh 1.7b la mach tutlng dtfOng cua transistor khi rap kieu E chung. 

Cac thong so* ky thuat cua mach dttOc tinh nhd sau: 
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Chi/dng 1 


Ly thuyei cd ban cua Mach khuech dai 


a) Tong trd ngo vao: 

v, i h r h +i,r L , i h r h + fii h r c 

K = r ,= — = -:-=-:- 

b b 

hj e = rh + pr e (a vai kQ) 

h) Tong trd ngo ra: r„ vai chuc kQ den vai tram kQ. 

Do r„ co tri so rat ldn nen nhieu trtfdng hdp co the bo qua r (( . 
c) Do khuech dai dong dien: 

A, = l ~-^ = P = h, 
b b 


A) 


Aj = (3= hf e (*vai chuc den vai tram Ian) 

Do khuech dai dien dp: 

A b R <- - Ph^L 


A 





(*=vdi tr&m ldn) 


e) Gdc pha: dien ap cua tin hieu vao va ra dao pha nhau 

2- Mach khuech dai rap ki£u B chung (CB: Common Base) 

Sd do hinh 1,8a la mach khuech dai rap kieu B chung, tin hieu 
vao d ctfc E va ra d cut C. O trang thai xoay chieu, ede tu di6n lien 
lac va tu dien phan dong Cbc 6 tong trd rat nhd nen dtfdc coi nhu not 
tdt. Hinh 1,8b la mach ttfdng dudng cua transistor rdp kieu B chung. 

Cac thong so ky thuat cua mach dtfdc tinh nhif sau: 

a) Tong trd ngo vao: 

r _ v - _ bb + bb = bh + Pbb r ± + pr t 

i, b Pb P 
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Mach Titong TiJ 


Nguyen Tan PhUflc 


b) Tong trd ngo vao: 

v , h r b + hr h +pi h r c r h +fir e 


r. — 


r - 


r 


fih 


(&vai chuc Q) 


c) Tong trd ngo ra: 
v v 

r } = — = — (* vdi trtim kO. vi BC phan cue nguac) 

i i 


d) Do khuech dai dong dien: 

Ph p 




i, K (P + ^) , \ P + ' 

e) Do khuech dai dien dp: 

Kb L R c R < P R r 


* 1 


A.. = 


v„ 


eh 


i ,n 


A V =P 


R< 


(* vdi tram tan) 


j) Gdc pha: dien ap eua tin hieu vao va ra dong pha nhau 

+Vcc 



Hinh 1.8a 
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ChuWng I 


Ly thuyet cd ban cua Mach khudch dai 



Hinh 1.8b 

3- Mach khuech dai rap kieu C chung (Common Collector) 

Sd do h)nh 1.9a la mach khuech dai rap kieu C chung, trong 
do ci/c C dtfdc noi thang len nguon +Vcc va nguon +V CC diTdc 
goi la mass doi vdi xoay chieu, vi co tu loc nguon rat Idn. Hinh 
1.9b la mach tifcfng ditctng cua transistor khi rap kieu C chung. 


+Vcc 



19 



Mach Tifdng Tif 


Nguyen Tan Phifdc 


Cac thong so ky thuat cua mach difdc tinh nhif sau: 

a) Tong trd ngo vao: 

r - V ‘ +/ >,- +'A 

’} 

I, 

r, =r h +pr e +ftR,. : 

r,~h, e + (5R\i (« vai tram kd) 

b) Tong in ) ngo ra: 

Dien trd R B la dien trd tifdng difdng cua cau phan ap R B | 
song song R B2 , 

Khi dtfng tif ngo ra nhin vao transistor, ta thay dien trd R B 
song song noi trd cua nguon r s . Thifdng dien trd R B rat Idn so vdi r s 
nen dien trcf tifdng difdng cua R B song song r s cung chinh la r s . Mach 
tifdng difdng nhif hinh 1.9c. 



Tong trd ngo ra la: r n = — = — 

i 


Theo mach tifdng difdng thi cac dien trd r s , n„ va pr c ghep 
noi tiep nhau va song song vdi dien trd tai Re. 


Ta cd: 
Suy ra: 


v e = i c Rg= i h (r s + r b + pr c ) 
, v, _ h(r +r h +/?r ) 

" K P‘h 


t + h + fir 
P 
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Chu'dng 1 


Ly thuyet cd ban cua Mach khuech dai 


r + r h , r + /L 

r = —- - + r hay r = —-- 

<J /O t' ^ f) /I 


vai chuc O.) 


c) Dq khuech dai ddng dien: 


A, = ^ = -^ = — - l)<fe hay A, = p + 1 


d) Do khuech dai dien dp: 




K R i: 


PR,: 


L v a i k r h + i,r, + /, K, ; r* + /?r, + /W?, 

A,. * / (vi r/, +/?r*. << /#?£,) 

e) Gdc pha: khi V B tang lam I B tang va Ie tang nen Ve cung 
tang theo, do do dien ap cua tin hi£u vao va ra dong pha nhau. 


§1.4- BANG SO SANH CAC THONG SO THEO BA CACH RAP 

Mach khuech dai dung transistor d moi each rap E chung, B 
chung hay C chung deu cd nhuhg thong so ky thuat khac nhau nen se 
dude Ohg dung de dap ting nhOhg yeu cau ky thuat khac nhau. Vi du: 

1 - Mach khuech dai rap kieu E chung co do khuech dai manh nhat 
vi A v va Aj deu co tri so ldn. 

2- Mach khuech dai B chung co tong trd vao n rat nho va 
tong trd ra r„ raft ldn nen dung de doi tong trd tit nho ra ldn. 

3- Mach khuech dai rap kieu C chung co tong trd vao n rat 
ldn va tong trd ra r„ rat nho nen dilng de doi tong trd tit ldn ra nho. 
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Mach Tt/Ong Tif 


Nguyen Tan Phudc 


\Och rap 

Thong so Sn s. 

E chung 

B chung 

C chung 

Tong trd 

h ic , = r h + pr. 

h, 

r= — 

r, =hi F +/3Ri: 

ngo vao 

n 

(vai kQ) 

P 

(vai chuc Q) 

(vai tram kQ) 

Tong tref 
ngo ra 

To 

Vai chuc kQ 

Vai tram kQ 

r - r ^K 

p 

(vai chuc Q) 

Bo khuech 
dai dong 
dien A| 

A, = P= h, e 
(vai chuc -vai 
tram) 

A, » 1 

Ai = /? + 1 

(vai chuc - vai 
tram) 

Bo khuech 
dai dien ap 
A v 

—t 

(vai tram lan) 

K 

(vai tram lan) 

A v * 1 

Goc pha giOfa 
tin hieu vao 

1 va ra 

Bao pha 

Bong pha 

Bong pha 


§1.5- CAC KIEL; GHEP TANG KHUECH DAI 

Moi thiet bi dien tuf thitflng co nhieu mach khuech dai ghep lien 
tiep nhau, moi mach co the dung mot hay nhieu transistor de thuC hien 
mot nhiem vu rieng dUdc goi la mot ting khuech dai. Be ghep lien tiep 
nhieu tang khuech dai ngifcti ta thuttng dung mot trong ba each ghep la: 

- Ghep bang tu dien lien lac 

- Ghep bang bien ap 

- Ghep bang each noi trite tiep 

1- Ghep ting bing tu dien li£n lac 


■n 




Chtfdng 1 


Ly thuyei cd ban cua Mach khuech dai 


Sd do hinh 1.10a la mach khuech dai hai tang dung transistor 
kieu ctfc E chung dude ghep lien tiep nhau. Tu dien Ci la tu lien lac 
tuf nguon tin hieu vao transistor Ti, tu didn C 2 la tu didn lien lac tCT 
T 1 sang T 2 va tu dien C 2 la tu lien lac tCr T 2 sang tang sau hay ra tai. 

Cac tu lien lac co tri so tuy thuoc vao tan so cua tin hieu, dol 
vdi am tan thi tu lien lac thudng cd tri so tut lpF den lOpF. Cac tu 
phan dong Ce co tri so’ tuy thuoc dien tret R E va thudng dUdc chon tit 
25 pF den 50pF. 

Cl trang thai xoay chieu, cac mach khuech dai ha tan dtfdc 
tinh toan vdi tan so qui tide la f = lkHz. 

Ta cd: 


Rl = Rbi // Rb2 . R 2 = Rb3 // Rb4 

hj e |: tong trd vao cua T| 
h, c2 : tong trd vao cua T 2 . 

Dung khang cua tu dien lien lac la: 


Xc, - Xc 2 - Xf3 - 


1 

2 70C\ 


(chon C| = lOpF) 


X 


n 


-i--- 16 Q 

2.3,14.10.10.10 


Dung khang cua tu di£n phan dong Cela: 

X r ,- - -\-- » 3,2Q (chon Cf = 50pF) 

tL 2.3,14.10'.50.10~ 6 

Cac tri so dung khang tren rat nho so vdi cac dien trd trong 
mach nen dufdc coi nhtf noi t£t. Sd do hinh 1,10b la mach tudng diidng 
d trang thai xoay chieu cua mach khuech dai hai tang hinh 1.10a. 
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+Vcc 



Hmh 1.10a 

Tif do set do mach tiftJng dtfdng hinh 1.10b co the ve lai vdi 
set do defn gian hefn nhif hinh 1.10c. 



Hinh 1.10c 









Chifdng I 


Ly thuyel cd ban cua Mach khucch dai 


Ri=Ri//h IC i Ru = Rci//R2//hic2 

Vdi sd do hinh 1.10c, viec tinh cac thong so cua mach se ddn 
gian hdn. 

Cac each ghep tang bang tu lien lac co tfu diem la viec tinh 
toan trang thai mdt chieu cho cac transistor doc lSp nhau. 

2- Ghep tang b*»ng bien ap 

Sd do mach hinh 1.11 a la hai tang khuech dai dung transistor 
rap kieu E chung. Bien ap TR| dung de ghep giCfa hai tang la bien 
ap co ti so vong day sd cap va thtf cap la ni/n 2 . 

Doi vdi cac bien ap, tong trd gitfa sd va thtf cap dtfdc tinh 
theo cong thtfc: 

(hinh 1.11b) 


n , 


n 


2 y 


Nhir vay tong trd tai 0 thd cap dtfdc qui doi ve sd cap la: 

Z, 


Z| = 


/ \1 

n. 


v n 2 y 


Dot vdi bien ap TR|, tai d thtf cap la tong trd ngo vao cua 
transistor T 2 (hi e 2 >- Doi vdi bien ap TR 2 , tai d thtf cap la Z L 

Bien ap TRi co tong trd qui doi ve sd cap la: 


2,= 




V«2/ 


Bien ap TRi tong trd qui doi v6 sd cap la: 

/ \ 2 


n, 


Z, = —- 


Z, 


2 y 
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Mach Tildng Tif 

Sd do hinh 1.1 la co the ve thanh mach lifting difdng nhii hinh 

1.11c. 



R . z , z , 
Hinh 1.11c 


o. j 

O ngo ra vdi dien ap v„ va dong dien i C 2 ta co the tinh diidc 
dien ap V L va dong dien iLtren tai. 

Cach ghep tang bang bien ap co tfu diem la viec tinh toan 
trang thai mot chieu cho cac transistor doc lap nhau, dong thcti co 
the dung hdp tong trd gitfa cac khoi nhd ti le cua cac bo bien ap. 

4- Ghep tang trtfc tiep 


+Vcc 



Hinh 1.12a 

Sd do mach hinh 1.12a la hai tang khuech dai dung transistor 
ghep trut tiep. Theo each ghep nay, hai transistor se phan ede Ian 
nhau theo nguyen ly hoi tiep am de on djnh nhiet ma khong dung 
cau phan ap d c\Sc B. Cach tinh di£n ap mot chieu va nguyen ly hoi 
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Chirring I 


Ly thuyet cri ban cua Mach khuech dai 


tiep am mot chieu de on dinh nhiet se difric phan tich chi tiet trong 
chirring “Mach khuech dai DC”. 



Hinh 1.12b 

Sri do hlnh 1.12b la mach Wring difring cua hai transistor Ti - 
Tj ghep trifc tiep, trong do, Rj la tong trd Wring diTring cua Rb song song 
vrii h, c ], R l , la tong trcf Wring difring cua Rci song song vdi h^- 

Cach ghep tang trifc tiep co ifu diem la mach dien drin gian, 
do brit difric tu dien lien lac va dien trd cau phan ap, do on dinh 
nhiet cua mach rat tot nhri hoi tiep am mot chieu, bang thong rong 
do khong dung tu. 

§1.6- MACH KHUECH DAI HOI TIEP 
1-Dinh nghla 

Mach hoi tiep la mach lay mot phan nang Wring d ngo ra difa ve 
cung cap cho ng5 vao. 

Trong sri do hinh 1.13 mach hoi tiep difric ky hieu bang chur FB do 
chuf “Feed Back". Dien ap cua nguon tin hieu dieu khien la v„ tin hieu 
ngo co the la dang dien ap v, hay dang dong dien ij, tin hieu ngo ra la v„ 
hay i<„ dien ap lay ra sau mach hoi tiep la v,. 

TWring hrip mach khuech dai khong co hoi tiep -con goi la mach 
khuech dai vong hit - thi do khuech dai dien ap difric djnh nghla la: 



v . v , 
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Mach hoi tiep FB co dien ap vao la v ( „ di&n ap ra la V|. He so hoi 
tiep dinh nghTa la: 

v. 

b = — => v, = bv n 

Trildng hdp khuech dai co hoi tiep thi do khuech dai dien ap hoi 
tiep dude dinh nghTa: 

v 

A v , = trongdo: v, = v s + v y => v f = v, - v, 

Suyra: A ti = —— 

V, -V/ 

2- Phan loai 

a) Theo tac dung khuech dai: 

- Hoi tiep dtfdng la mach cd tac dung lam tang dp khuech 
dai. Trtfdng hdp nay ta co: A V | > A v „. 

- Hoi tiep am la mach co tac dung lam giam d§ khuech dai. 
Trtfdng hdp nay ta co: A v r < A vo . 
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Chtfdng 1 


Ly thuyet cd ban cua Mach khuech dai 


b) Theo dang tin hieu: 

- Hoi tiep dien ap la. mach lay dien ap ra v„ de tao dien ap 
hoi tiep v t difa trd lai ngo vac. 

- Hoi tiep dong dien la mach lay dong dien ra i (l de tao dien 
ap hoi tiep v t - diTa trd lai ngo vao. 

c) Theo each ghep: 

- Hoi tiep song song la khi dien ap nguon tin hieu v s va dien ap hoi 
tiep V| ghep song song nhau Ndi each khac, hoi tiep song song la khi hai 
tin hieu v, va V| cung dufa vao mot cite cua transistor. 

Tn/frng http nay ta co: v, = v k + v, —» v K = v, - v y 

- Hoi tiep noi tiep la khi dien ap nguon tin hieu v s va dien ap hoi 
tiep V| ghep noi tiep nhau. Noi each khac, hoi tiep noi tiep la khi hai tin 
hieu v s va Vf difa vao hai cut khac nhau cua mot transistor. Thi du: v, difa 
vao cut B con v t - dita vao ei/c E cua transistor. 

Tnfcfng help nay ta co: v ( = v, - v, —» v, = v, + v f 

Mach hoi tiep co ten gpi day du gom ca ba phan theo ba each phan 
loai tren. Thi du: mach hoi tiep am dong dien ghep noi tiep, hoi tiep am 
dien ap ghep song song. 

Viec tinh toan, phan tich nguyen ly cua cac kieu khuech dai hoi 
tiep se di/ctc noi ro trong chifdng “Khuech dai hoi tiep”. 

§ 1.7- CACH TINH HE SO ON DINH NHIET 

Cac thong so cua transistor deu bi thay doi theo nhiet dp, 
trong do cd ba thong so chiu anh htfdng ldn nhat la dong dien ri 
Icbo. do khuech dai p va dien ap phan cifc V BE . 

De tranh anh hifdng cua nhiet do len cac thong so cua transistor cd 
the lam sai diem lam viec tinh Q, ngufti ta dting nhieu each phan cut cho 
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Mach Tuting Ti/ 


Nguyen Tan PhUde 


transistor, moi each phan cut c6 tac dung va hieu qua on djnh nhiet khac 
nhau. Be dac tnfng cho tac dung va hieu qua on djnh nhiet, ngirdi ta djnh 
nghia he so on djnh nhiet la: 


s- A, < 


M 


can 


S: stability (do on dirth) 
S :phu dinh cua S 


S con dude goi la “do bat on dinh”. Cach goi nay hop ly hdn vi 
theo dinh nghla 5 cang nho thi much cang on dinh ve nhiet do, nghTa 
la S cang nho thi “do bat on dinh cang thap”. 

Cong thufc tong quat de tinh he so on djnh nhiet S la: 


S - 


q-a 


trong do: q la he so tuy thupc each phan cut cho transistor 
a la he so khucch dai dong dien rap kieu B chung 

fc P 


a - 


I, 0 + \ 


He so q difdc xac djnh theo each phan eifc trinh bay trong 
bang mach thiet ke niau sau: 

+ Xet mach phan cut hinh 1.14a, he so on djnh nhiet la: 

q 1 1 


S = 


q-a 1 -or 


fi 

P + \ 


= P + \ 


Day la he so on djnh nhiet kem nhat vi [} Icin khoang vai tram. 
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+ Xet mach phan cut hinh 1.14b, he so on dirth nhiet la: 


1 + 


S = 


R, 

R„ 


R „ 


ci — a , R i. . R,. 

* 1 + - - - a 1 - a + '■ 


R 




Neu transistor co (5 Ic'tn thi 1- a = 0. 

R/- 


i + 


Dodo: 5 = 


R 


R, 

R „ 


R,: 


Thifdngthi R e «Rb ==. — «1 nen: 

Ru 


o = J_ = ^L 


/? 


Nhtf vay he so on dinh nhiet 5 ti le nghich vdi R E . Neu R E kin thi 
S nho va mach on dinh nhiet tot. 
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CHUONG 2 

MACH KHUECH DAI h6i TIEP 


§2.1- DAI CUONG 

Mach khuech dai co ky hieu dang sd do khoi nhir hinh 2.1, khi 
co tin hieu dien ap v s cl ngo vao se cho ra tin hieu v t> 6 ngo ra. Ti so 
Ay = v,/v s durdc goi 1& do khuech dai dien ap nhur da trinh b&y trong 
chtfdng trtfdc. Mach khuech dai kieu nay con goi la khuech dai vong 
hd de phan biet vdi mach khuech dai hoi tiep, do khuech dai dien ap 
cua mach khuech dai vong hd dtfdc ky hieu la Avo (o: open). 


Ta co: 


V V 
A - 0 - ° 

71 FO “ — 


Mach hoi tiep la mach lay mot phan nang ltfdng d ngo ra dtfa 
ve cung cap lai cho ngo vao de dieu chinh lai cac thong so va chi 
tieu ky thuat cua mach khuech dai. Mach hoi tiep trong sd do khoi 
dtfdc viet tat la FB do chi? “Feed Back". Boi vdi mach hoi tiep, tin 
hieu vao chinh la tin hieu ra cua mach khuech dai (co the la v„ hay 
i,0, tin hieu ra cua mach hoi tiep ky hieu la Vf dude dtfa vao mach 
khuech dai chung vdi tin hieu V;. Ti sd gitfa tin hieu ra va tin hieu 
vao cua mach hoi tiep durdc goi la he sd hoi tiep ky hieu la b. 


Ta co: 


v, 

b = — => v f — h.v o 


Mach khuech dai co dtfdng hoi tiep nhtf hinh 2.2 dtfdc goi la 
mach khuech dai hoi tiep (hay mach khuech dai vong kin). Ti sd 
gitfa dien ap ra v„ va dien ap nguon v s bay gid goi la do khuech dai 
hoi tiep ky hieu la A V f (F ttfc Feed Back). 


Ta co: 


A - — 
a vf ~ 


Neu v N va v ( dong pha ta co: 
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Vi = V, + V, V, = Vj - v, 

Neu v s va Vf ngude pha ta co: 

v, = v s - v, => v„ = Vj + v, 

Tong quat: A n . = ——- 


A - - 

A Vh ~ 

V, -V, 


A yl . — 


V, + v, 



Hinh 2. 1 : Mach khuech dai 


Hinh 2.2 : Mach khuech dai hoi tiep 


§2.2- PHAN LOA1 MACH HOI TIEP 

Co the phan loai mach hoi tiep theo ba each: theo tac dung 
khuech dai, theo dang tin hieu va theo each ghep giffa tin hieu hoi 
tiep va tin hieu vao. 

1. Theo tac dung khu£ch dai 

- Mach hoi tiep dtfdng: khi co hoi tiep se lam ting do khuech 
dai di$n ap. Trtfdng hdp nay ta co: A V f > Ayo- 

- Mach hoi tiep am: khi co hoi tiep se lam giam do khuech 
dai dien ap. TrUctng hdp nay ta co: Avf < Avo- 

2. Theo dang tin hieu hoi tiep 

- Mach hoi tiep dien ap: mach lay dien ap ra v 0 de tao di6n 
ap hoi tiep V( difa trd lai ngo vao. 
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Chi/dng 2 


Mach khucch dai hoi lie 


- Mach hoi tiep dong dien: mach lay dong dien ra i„ de tao 
dien ap hoi tic'p v ( dufa trd lai ngo vao. 

3. Theo each ghep vdi tin hi£u vao 

- Hoi tiep song song: khi dien ap nguon tin hieu v s va dien ap 
hoi tiep V| ghep song song nhau. Noi each khac, hoi tiep song song 
la khi hai tin hieu v s va v t cung dt/a vao mot ctfc cua transistor. 

TnJftng hop nay ta co: 

v, = v s + v, => v, = v, - v, 

- Hoi tiep noi tiep: khi dien ap nguon tin hieu v s va dien ap 
hoi tiep V[ ghep noi tiep nhau. Noi each khac, hoi tiep noi tiep la khi 
hai tin hieu v s va v t dtfa vao hai ctfc khac nhau cua mot transistor. 
Thi du: v s dUa vao cut B con v t dira vao ctfc E cua cung mot 
transistor. 

TrUOng hop nay ta co: 

v, = v s - v t => v k = Vi + v, 

Mot much hoi tiep co ten goi du gdm ca ba phan theo ba 
each phan loai tren. 

Thi du: - mach hoi tiep am dong dien ghep noi tiep 
- mach hoi tiep am dien ap ghep song song. 

§2.3- CACH XAC DINH LOAI HOI TIEP 
1. Cong thufc tong quat 

Trong mach khuech dai vong hd hinh 2.1 ta co: 





v 


(noi trd r., cua nguon thuftng nho) 



Mach Ttfdng Tif 
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Trong mach khuech dai hoi tiep hinh 2.2, neu chi xet tif ngo 
vao den ngo ra thi do khuech dai dien ap chinh la dO khuech dai vong 
ho Avo la. 


A l0 ~ ~ = ^ V a ~ V r A vn 

V.- V, 


TriJdng hdp xet tfif nguon v s den ngo ra v„ bao gom ca mach 
hoi tiep thi do khuech dai hoi tiep la: 

V ,- A m v,A,v v , A \o 


Suy ra: A vl = 


A\ } . — 


v i ±v / v } ±bv t A 


m 


AVO 


1 ± bA 


vo 


Goi mau so 1 ± b.Avo la thifa so hoi tiep F, ta c6: 

F = \±bA, t> A n = ~rr 

r 

2. Trufcfng hqTp F = 1 - b.A V o 

Trong phan 2.1 da phan tich, neu v s va Vf dong pha ta co: 


Vi = V s + Vf 


Suyra: A n . = 


V s =Vj- v f 


A V)- ~ 


V. - V 


A m 


\-bA 


va F -\-bA vn a2 


i ■<> 


Ta co cac trufdng hop sau: 
a. Neu F = / - b.Avo > 1 


Avr < A 


vo 


Mach hoi tiep co tac dung lam giam do khuech dai nen la 
mach hoi tiep am. Khi do: -b. Avo >0 b. Avo < 0, nghTa la b va 
Avo trai dau. 


b. Neu F = 1 - b. Avo < / 


Avi- > Ayo 
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Mach hoi tiep co tac dung lam tang do khuech dai nen la 
mach hoi tiep diTOng. Khi do: -b.Avo < 0 ^ b.A V o > 0 va di£u nay 
co nghTa la b va Avo cling dau. 

c. Neu math khuech dai to - b.Avo » I thi: 

^ o _ _ _ 2 . 

\--hA u> ~ - bA, f/ h 

TrUOng hop nay do khuech dai hoi tiep Avf la nghich dao va 
ngtfdc dau vdi he so hoi tiep b. 

d. Neu F = I — b.Avo = 0 => b.Avo = l 

TrUOng hop nay ta co: 

* A lr - ——- > oo 

V, V V, 

* b.Avo = 1 =>-— = 1 — = 1 

V a v , v , 

Suy ra: V| = Vj 

Luc do, mach td tao ra tin hieu va mach dao dong (phan nay 
se dtfde phan tich trong giao trinh “ Mach dien td - Tap 2”). 

Trddng hop F = 1 - b.Avo la tnfctng hop dien ap hoi tiep v f 
di/Oc ghep song song vdi nguon tin hieu v v . 

3. Tri/ifng h<?p F = 1 + b.Avo 

Trong phan 2.1 ta cung co xet truOng hOp v, va v f ngudc pha: 

v i=Vs-v, =>v, = vj+v t => A,, =- V " 

V, +v, 

Suy ra: A n . = ——— => F = l + b.Avo 

I + bA , „ 

Ta co cac trtfdng hop: 

a. Neu F = / + b.Avo > / => Avf < Avo 


37 


Mach Tirttng Tif 


Nguyen Tan Phirtfc 


Mach hoi tiep c6 tac dung lam giam do khuech dai nen la 
mach hoi tiep am, Khi do b.Avo > 0, nghTa la b va Avo cung dau. 

b . Neu F = 1 + b.A vo < l A vi' > A vo 

Mach hoi tiep c6 tac dung lam tang do khuech dai nen la 
mach hoi tiep during. Khi do b.Avo < 0, nghTa la b va Avo trai dau. 

c. Neu mach khuech dai co b.Avo » I thi: 


A 


17- 



1 + bA m bA t /y b 


d. Neu F- ) + b.Avo = 0 


b.Avo —1 


Trifling hifp nay ta co: 


A... = 


A\<) 


ry 


1 + bA r/) 


00 


b.Avo = 1 


V, V 


V V 

ll f 


— = 1 => = 1 
V. 


Suy ra: v, = V| 

Luc do, mach tif tao ra tin hicu va la mach dao dong (phan 
nay se dtfiic phan tich trong giao trinh “Mach dien lu 1 - Tap 2"). 


Trifling help F = 1 + b.Avo la trifling hpp dien ap hoi tiep v t 
dtfOc ghep noi tiep vdi nguon tin hieu v v 


§2.4- PHAN LOAI HOI TIEP THEO THl/A SO HOI TIEP F 


Hoi tiep song song 

A - Avo 

Hoi tiep noi tiep 

A - Avo 

Vn? 1 - bA vo 

w 1 + bA vo 




ChiWng 2 


Mach khuech dai h6i liep 


F = 1 — bAvo > 1 => bAvo < 0 

F = 1 + bAvo > 1 => bAvo > 0 

b va Avo trai dau => hoi tiep am 

b va Avo cdng dau =>hoi tiep am 

F = 1 - bAvo < 1 => bAvo > 0 

F = 1 + bAvo < 1 bAvo ^ 0 

b va Avo cung dau=> hoi tiep 
dtfdng 

b va Avo trai dau => hoi tiep 
dudng 

- bAvo » 1 => b va A V o trai 
dab 

bAvo » 1 => b va Avo cung 
dau 

Hoi tiep am vdi A VF = - — 

b 

Hoi tiep am vdi A^ = 

F = 1 - bAvo = 0 => b.Avo = 1 

F — 1 + bAvo = 0 bAvo = ■ 1 

=> Avf —> °o va trb thanh mach 
dao dong 

=> A V f —> °o va trd thanh mach 
dao dong 


§2.5- HOI TIEP AM D6NG DIEN GHEP NOI TIEP 
1. Sd 66 


-t-V. 


oc 


-t-V, 


oc 



Hinh 2.9 : Mach khuech dai khdng 
hoi tiep 



Hinh 2.9 : Mach khuech dai co 
hoi tiep 
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2. Nguyen ly 

Trong sd do hai mach khuech dai hlnh 2.3 va 2.4, cac tu di£n 
lien lac C 1 -C 2 va tu di£n phan dong Ce dtfdc chon co tri so du Idn 
sao cho d tan so tieu bieu cua tin hieu nguon v s thi dung khang Xc 
rat nho nen diftfc coi nhif no! tat. 


ThUdng chon: Cj = C 2 = 1 M.F lOpF cho f = 1kHz 


Ce = 25 pF 4- JOOpF cho f = 1 kHz 

NhU vay, tu C E trong mach dien hlnh 2.3 coi nhiTnoi tat dien 
trd Re xuong mass doi vdi tin hieu xoay chieu. Day chinh la mach 
khuech dai rap kieu E chung. 


Do khuech dai dien ap cua transistor la: 


A 


m 



(s vai tr3m lan) 


Trong mach khuech dai hlnh 2.4 khong dung tu dien Ce nen 
dong dien tin hieu d ngo ra la i e = i c di qua Re tao ra di$n ap xoay 
chieu v L . cung chinh la dien ap hoi tiep Vf. 


Taco: vr=v c = i c . Re 

Do khuech dai ap cua mach chinh la do khuech dai hoi tiep: 



Diing ly thuyet hoi tiep de phan tich ta co: 


- he so hoi tiep: b = — 


(dau (-) do E va C dao pha) 

v t 


[c R ! _ R c 

K R r R r. 


(b la so am) 


Trong bang phan loai hoi tiep theo thifa so' F ta cd: 
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Chtfclng 2 


Mach khuech dat hoi liei 


\ + bA V0 

Do Avo = vai tram lan nen b. Avo » 1, nhtf vay: 

A - jjiii _ j_ _ 1 
" ' Ko /) K, 

Ta van co ket qua giong nhU tren mach ttfefng dt/ting nhufng 
each tinh ddn gian hdn nhieu. 


§2.6- HOI TIEP AM DIEN AP GHEP NOI TIEP 

l.Sd do 



Hinh 2J> : Mach khuech dai hoi tiep 
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2. Nguyen ly 


Mach dien hinh 2.5 la mach khuech dai hai tang khong co 
hoi tiep. Mach nay co do khuech dai dien ap chung cua hai tang la: 

Rr 2 




h. 


(rat ldn) 


Trong mach (lien hinh 2.6, dien trd R E i va R t dude them vao 
la cau phan ap lay dien ap ngo ra v„ cho ra dien ap vt tren R E i de 
tao sU hoi tiep. 

Dien ap hoi tiep v t lay tren R E i dUdc tinh thco cong thtfc: 

R n 

v, - v -—— 

' "*„ + *, 

Theo dinh nghla cua mach hoi tiep ta co: v f = b.v n 
Suy ra he so hoi tiep b cua mach la: 

Rn 


b = 


va b > 0 (b la so dUdng) 


Ri.\ + R/ 

Trong bang phan ioai hoi tiep theo thCfa so F ta co: 

A,, 


A,,. = 


■IV 


1 + hA 


IV 


Do Avo rat ldn (= vai tram lan) nen b.Ayo » 1, nhU vay: 

(A ve < Avo) 


A n = i = 

bA U) b R 


Do khuech dai hoi tiep se phu thuoc rat ldn vao dien trd R f . 
Dien trd R E1 co pham vi thay doi khong ldn lam vi anh hudng den 
trang thai phan cut mot chieu cua transistor Ti. 

Ta cung co the phan tich nguyen ly cua mach dua vao goc 
pha cua tin hieu nguon v s -v,-v () va v t nhUsau: 
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C (lifting 2 


Mach khu<5ch dai hoi tiep 


V khi v,, co ban ky dtfdng thi T| dan nianh va cut Ci co ban ky 
am ra difa vao cdc B 2 . 

> khi T 2 nhan ban ky am vao cut B 2 thi T 2 dan yeu va cut C 2 
co ban ky diftlng ra, v„ co ban ky dUdng. 

'* tin hieu ban ky diftlng cua v 0 tao ra dien ap hoi tiep v r cung 
la ban ky difdng nen v s va V| cung dau. 

Ta da co: v v = v, + Vf => vj = v s - vp 

Do v s va Vf cung dau nen v, bj giam bien dp se lam giam 
bien dp dien ap ra v„, mach hoi tiep la loai mach hoi tiep am. 


§2.7- HOI TIEP AM DIEN AP GHEP SONG SONG 
1. Stfdo 




Hint 2.7 : Mach khdng hoi tiep 
2- Nguyen ly 


fjinh 2Jj : Mach khuech dai hoi tiep 


Mach dien hinh 2.7 la mach khuech dai cd can dung mot 
transistor va khong ctS hoi tiep. Do khuech dai dien ap cua mach la: 


A m = -/? — 

h... 


(= vai tram lan) 
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Mach Tifdng Tu 


Nguyen Tan PhUde 


Mach dien hinh 2.S co dien trd R| thay Rb lay dien ap ede C 
(Vc) de phan cite mot chieu cho cut B, dong thdi la dien trd hoi tiep 
de lay dien ap ra v„ dtfa trd lai ngo vao. 

Dien trd R| ket hdp vdi tong tret ngo vao hj e tao thanh cau 
phan ap cho ra dien ap hoi tiep v t tinh theo cong tKtfc: 


1 Theo djnh nghTa cua mach hoi tiep ta co: Vi = b.v ( , 

Suy ra he so hoi tiep b la: 
h 

b =--— (b > 0, b la so dddng) 

K. + R, 

Theo sd do nay dien ap nguon v s , dien ap hoi tiep V| cung 
dtfdc dda vao ci/c B nen day la mach hoi tiep ghep song song. 


Taco: Vj = v s + v t => v s = v;-V| 

Trong bang phan loai hoi tiep theo thuTa so F ta co: 

A - dui 

" i -Ho 

Do Ayo rat ldn (= vai tram lan) nen b.A V o » 1 va nhtf vay: 

A = dm _ 

-hA m b h„ 

Do khuech dai hoi tiep se phu thuoc rat ldn vao dien tret R| vi 
tong trcl ngo vao hi* doi vdi moi transistor gan nhit khdng doi. 

Ta cung co the phan tich nguyen ly cua mach diJfa vao goc 
pha cua tin hieu nguon v„ - v, - v„ va Vf nhif sau: 

> khi v* cd ban ky during thi ngo ra v„ co ban ky am do mach 
khuech dai dao pha, v„cd ban ky am. 

♦ 

> do he so b dddng nen dien ap hoi tiep v f co ban ky am. 
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Chitting 2 


Mach khuech dai hoi lici 


> ngo vao v,. nhan hai tin hieu v s va v t la hai tin hieu dao pha 
nen tin hieu vao bj giam nho se lam cho tin hieu ra v„ bi 
giam, mach hoi tiep la loai mach hoi tiep am. 

§2.8- HOI TIEP AM DONG DI$N GHEP SONG SONG 
1. Sd do 



Hlnh 2^9 : Mach khuech dai khong hoi tiep 

-Vo, 



//i/ 1/7 2. 10 : Mach khuech dai hoi tiep 
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Mach Tifdng TiT 


Nguyen Tan Pht/dc 


2. Nguyen ly 

Mach dien hinh 2.9 la mach khuech dai khong hoi tiep co hai 
tang. Dp khuech dai dien ap chung cho hai tang la: 

An = An, A 02 (rat ldn) 

K, 

Trong do pi.p 2 la do khuech dai dong dien chung cho ca hai 
tang goi la do khuech dai dong dien hd (khong hoi tiep) Aio 


Taco: A ln = 



A -A R(2 
H ,(> — n 


in 


Hinh 2.11 : Mach tifdng dtfOng 


Mach dien hinh 2.10 dung dien trd Rf lay dien ap Ve 2 de phan 
cure cho cue Bi thay cho Rbi. dong thcJi lay tin hieu ra tren ctfc E 2 de 
hoi tiep vc ctfc Bt. 

Tin hieu dien ap tren cite E 2 , do dong dien ra i„ = i t2 s i c2 qua 
Re 2 tao ra, la mach hoi tiep dong dien. Tin hieu nguon v s va tin hieu 
hoi tiep v t ciing dUa vao cifc B nen day la mach hoi tiep ghep song 
song. 

Trong mach hoi tiep loai nay, chung ta se phan tich bang dp 
khuech dai dong dien hd Ajo va do khuech dai dong dien hoi tiep Aif- 

Taco: /f,„ = - = 

‘h, 


46 



Chtfdng 2 


Mach khuech dai hoi tiep 


Mach hdi tiep dong dien b^ng R ( co the ve ra mach ttfdng 
dtfdng nhtfhinh 2.11. 

Ta co: i e 2 = i| + h 

il (R| + h lc |) = 12 -Ru 2 = v o 2 

_ Rf i 

h ^12 

'± + h_= ^E2 + + K-l R l: 2 + R, + Ki 

( l i\ R,,2 R! 

i,i _ R> i + R/ + K>\ 
i, 


Re. 


R,2 

i , R j.-j + R , 

Do h ie i « Rf nen: — = 


Re, 


Suy ra: A- = R,;1 


K-i Re 2 + R/ 

nen he so hoi tiep bj dtfdc tinh theo cong thtfc: 


ma if = 11 va i e 2 = i u 


b - — = 


R 


1.2 


R/.2 + R/ 

Do khuech dai dong dien co hoi tiep goi la Aif dtfdc tinh 
theo cong thtfc: 

2 + R> 


kl 


Ttf do khuech dai dong dien hoi tiep Aif ta co the tinh do 
khuech dai dien ap hoi tiep Avf theo cong thtfc: 

R,. 


A'h — A„: 

h 


ri 


Ar = 


«-i 

R 1:2 + 'R/ R ( 


Re 2 
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Mach TutJni 


Nguvcn Tan Phuiic 


Nhtf the", do khuech dai hoi tiep phu thuoc rat loin vao Rf, con 
dien trcf Rh 2 co pham vi thay doi khong ldn 12!m v) anh htfdng den 
trang thai phan ctfc mot chieu. 

Neu dda vao goc pha cua tin hi$u de phan tich thi ta co: 

> khi nguon v s co ban ky difdng thi Tj khuech dai dao pha cho 
ra ban ky am, qua T 2 lai khuech dai dao pha cho ra ban ky 
dUdng d ngo ra v„. 

> tin hieu hoi tiep lay tren cut E 2 la tin hieu dao pha vdi cifc C 2 
d ngo ra nen tin hieu h6i tiep se la ban ky am. 

'r tin hieu hoi tiep V| co ban ky am cung dda vao ctfc B vdi 
nguon v< nhtfng.ngtfdc pha vdi v v nen lam giam bien do cua 
dien ap tin hieu vao v, va giam dien ap tin hieu ra v () , mach 
hoi tiep la loai mach hoi tiep am. 


§2.9- ANH HLfdNG CUA H6l TIEP AM DEN CAC THONG SO 
CUA MACH KHUECH DAI 

Trong chtfdng nay chi phan tich cac mach hoi tiep am dung 
trong mach khuech dai tuyen tinh, cac loai mach hoi tiep dtfdng se 
dtfdc phan tich trong giao trinh “Mach diSn tur - TSp 2 

Mach hoi tiep am ngoai tac dung lam giam do khuech dai 
dien ap con lam thay doi cac thong so va chi tieu ky thuat khac cua 
mach nhU: tong trd ngo vao Z„ tong trd ngo ra Z,„ do rong bang 
thong B. 

Be thay tac dung cua hoi tiep am anh htfcing len cac thong so 
tren, ngudi ta thtfctng dung mach tudng dtfdng de phan tich. O day 
chi cho bang ket qua sau khi da phan tich, tinh toan (phan phan tich, 
tinh toan rat dai). 


48 



ChUdng 2 


Mach khuech dai hoi liep 


Ggi Z„ Z (> , Avo, B la cac thong so' cua mach khi khong co hoi 
tiep am va goi Z,u Z (1 f, Avf, Bp la cac thong so' cua mach khi c6 hoi 
tiep am ta c6 hang ke't qua nhii sau: 


Thong 
so ky 

ihuat 

Hoi tiep am 
dong dien noi 
tiep 

Hoi tiep am 
dien ap noi 
tiep 

Hoi tiep am 
dien ap song 
song 

Hoi tiep am 
dong dien 
song song 

Tong 
trd vao 

Z if = Z,F 

Z lf = Z;F 

z if = ^ 

,r F 

z - Z ' 

Z,f “ F 

Tong 
trd ra 

Z 0 r ~ Z 0 F 

7 Z 0 

Z ° f " ^ 

7 Z 0 

Zl ° f " T? 

F 

Zor ~~ Z 0 F 

Do 

khuech 
dai ap 

A 

A __ ^VO 

A VT - F 

A 

A - VO 

Avf r 

> 

3 

II 

> 

“ < 

o 

o 

< 

II 

£ 

_ 1 

Bang 

thong 

Bp = BF 

B F = BF 

Bp = BF 

B f = BF 


Trong bang ke't qua tren, F la thifa so hoi tiep va 
F = 1 + b.Avo. 

Nhan xet: 


Mach hoi tiep am dong dien noi tiep lam tang tong trd ngo 
vao va ngo ra len F Ian. 

Mach hoi tiep am dien ap noi tiep lam tang tong trd ngo 
vao va giam tong trd ngo ra F lan. 

Mach hoi tiep am dien ap song song lam giam tong trd ngo 
vao va ngo ra xuo'ng F Ian. 

Mach hoi tiep am dong dien song song lam giam tong trd 
ngo vao va tang tong trd ngo ra F lan. 
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Mach Tirctng Ttf 


Nguyen Tan Phifdc 


❖ Tat ca cac mach h6i tiep am deu lam do khuech dai dien ap 
giam xuong F Ian va do rong bang thong tSng len F lan. 

Cac mach hoi tiep am lam tang tong trd ng5 vao thifdng difcfc 
dung cho tang khuech dai dau tien de khong lam giam bien do cua 
tin hieu nguon v s . Cac mach hoi tiep am lam giam tong trd ngo ra 
thu’ctng "du’dc dung cho tang cudi cung de tang kha nang cap dong 
cho tai. 

Ngoai cac thong so” ky thuat tren, mach hoi tiep con co tac 
dung giam bien do nhieu, giam do meo phi tuyen va meo tan so. 
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CHLfCfNG 3 


MACH KHUECH DAI DC 

§3.1- DAI CLfCfNG 

Mach khuech dai DC con goi la mach khuech dai ghep true 
tiep. Thong thuftng cac mach khuech dai tin hieu AC dittfc ghep lien 
lac bang tu dien, khi do tu dien lien lac se co dung khang thay doi 
theo tan so cua tin hieu. Neu tin hieu co tan so cao thi dung khang 
nho co the xem nhur khong dang ke, neu tin hieu co tan so” thap hay 
cac tin hieu co mtfc bien doi chant thi dung khang cua tu se rat ldn 
lam ton hao dien ap tren tu ldn. 

Mach khuech dai DC dtttic dung de tranh anh hitting cua tu 
lien lac trong cac trurfng hop khuech dai cac tin hieu bien doi cham 
hay cac tin hieu khong co tinh chu ky. 

§3.2- CAC K1EU KHUECH DAI DC 
1. Mach erf ban 



Hinh 3.1 : Mach khuech dai DC 
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Mach TkOng Tir 


Nguyen Tan Phifdc 


Trong cac mach khuech dai AC dung tu lien lac, moi 
transistor difdc thiet ke phan eijfc mot chieu doc lap. 

Trong much khuech dai DC cd ban (hinh 3.1) mufc dien ap 
mot chieu tren T| cung chinh la dien ap phan cut cho T 2 . 

Ta cd: V c , = V U2 = 0,7V va V H i = 0,7V 


Irci = lei + 1 b2 

Gia sur cau phan ap R r R 2 bj thay doi theo hifdng lam V B i 
tang se lam I B i, lei tang. Luc do, Va giam lam V B2 giant va T 2 chay 
yeu hay ngifng dan. Ngtfdc lai, neu V a2 tang se lam T 2 chay manh 
hay bao hoa. 

Nhif vay, trong mach khuech dai DC, viec tilth toan trang 
thai tTnh rat quan trong vi dien ap mot chieu cua eac transistor se 
anh hifdng lan nhau rat kin. 

Mach hinh 3.1 cd nhlfdc diem la V<- E | cd mite dien ap thap 
(0,7V) do V B2 = (),7V. Be nang eao mufc Vcki thtfcfng dung R E2 . 


2. Mach khuech dai DC co Ri ;2 



Hinh 3.2a : Hai transistor 
cung loai 



Hinh 3.2b : Hai transistor 
khac loai 
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Onfttng 3 


Mach khuech dai DC 


Trong mach dien hinh 3.2a ngtfcfi ta dung them Re 2 dc co Ve 2 
cao va Vb 2 = Vci cung dUdc nang cao vi: 

Vb2 = V C | = Ve2+Vhe 

Nhcf do, viec tfnh chon diem lam viec tlnh cua Ti di/dc de 
dang hdn. Tuy nhien khi co R E 2 thi do khuech dai dien ap cua tang 
hai hi giam do tac dung hoi tiep am dong dien cua Rpj. 

Mach dien hinh 3.2b la trifdng hop dung hai transistor khac 
loai nhifrig ca hai transistor trong hai mach deu dtfdc rap kieu E 
chung, dien ap tin hieu vao v, va tin hieu ra v„ la hai tin hieu dong 
pha cho ca hai mach. 

Hinh 3.2a co: Irci = Ici + 1 b2 

Hinh 3.2b co: Ici = Irci + Ib 2 

Khi co sif thay doi dien ap phan cifc d ngd vao thi tac dung 
phan cite len T 2 cua hai mach co sir khac nhau nhtf sau: 

- hinh 3.2a: khi V B! tang lam ici tang nen Vci giam se lam 
VB 2 giam va T 2 chay yeu. 

- hinh 5.2b: khi V B! tang lam let tang nen V C i giam se lam 

✓ 

V B 2 giam va T 2 chay manh vi la loai PNP. 

3. Mach khuech dai DC ghim ap d ctfc E 2 

Khi dung dien trd R E2 de nang dien ap Ve 2 , V B 2 va Vci thi 
Re 2 se lam giam do khuech dai dien ap cua T 2 nht/ trong hinh 3.2a 
va 3.2b. 

Muon tranh tac dung hoi tiep ant cho Re 2 tao ra ngiTdi ta co the 
thay mach phan cifc on ap cho cue E 2 bang cau phan ap Rz cua 
Zener. Luc do, Zener difOc chon co dien ap thich hdp de tao phan 
cifc cho cifc C| va 



Mach Tiftftig Tif 


Nguyen Tan PhUde 



Hinh 3.3 : Ghim ap bang diod zener 


§3.3- MACH KHUECH DAI DC THONG DUNG 

Mach dien hinh 3.4 la mach khuech dai DC thong dung nhat 
co the dung de khuech dai ca tin hieu DC hay AC. Tu Ce chi dung 
trong mach khuech dai AC de loai bo tac dung hoi tiep am tren Re 2 
va lam tang do khuech dai dien ap cua mach. 



Hinh 3.4 : Mach khuech dai DC co hoi tiep am dong dien 
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Chitting 3 


Mach khuech dai DC 


Do hai transistor ghep trUc tiep nen dien ap mot chieu cua 
hai transistor se la dien ap phan ci/c lan nhau vi: 

Vci=Vb 2 va V B1 = V E2 -I B ,.R f 

Dien trd Rj lay dien ap V E2 giam ap de hoi tiep phan cdc cho 
cut B|. Dien trd Re la mach hoi tiep am dong dien de on dinh nhifit 
cho ca hai transistor. 

Nguyen ly mach hoi tiep am de on dinh nhiet nhU sau: 

> Gia thiet T| bj nong do nhiet do cua moi trUCtng lam la tang, 
Va giam lam V B2 giam. Luc do, T 2 chay yeu nen I E2 giam, 
V E2 giam, qua R) se lam V B! giam nen Ici giam trd lai. 

> Gia thiet T 2 bi nong lam I E2 tang, 1 E2 tang va V E2 tang. Luc 
do, V B | cung tang nen T| chay manh lam Ici tang va Vci 
giam lam V B2 giam nen Ic 2 giam trd lai. 

Neu khong cd tu C E , dien trot Rf con co tac dung hoi tiep am 
doi vdi tin hieu xoay chieu de cai thien cac thong so ky thuat cua 
mach. 


Do khuech dai dien ap dUdc tinh theo cong thufc: 

R n 11 r t^ 


* T| co A v . = -/?. 


* T 2 cd A y2 - -/?, 


+ A-Rai 

R C1 II R l 


y 

r be 2 


(tu C E noi tat R E2 ) 


* Do khuech dai chung cua T|-T 2 la: 

R( ] H r bc2 R C2 H R L 


A,. =A yi A yj = /?,/?, 


r M + P\ R k\ r i,e2 


Mach thUc te IhUdng cd dieu kien: 


Rci » r h ,. 2 nen R C i // r hc2 = r be2 


r b ci « Pi.Rei nen r bc i + Pi.R E i = Pi.Rei 


S "t 



Mach Tiftlng Tif 


Nguyen Tan PhiTdc 


Nhtf vay ta co: 


A v 




[he l 

P \ R <-1 r M 


A y = /?; 




§3.4- H1EN TU0NG “ TROI DI$N AP M0C KHONG ” 


Doi vdi cac mach khuech dai DC, dien ap mot chieu gififa cac 
transistor anh hiking nhau rat ldn. Tin nghiem cho thay khi khong cho 
tin hicu vao mach, bang each noi tat cut B| xuong mass qua mot dien 
tret, do dien ap ra d c\fc C 2 cho thay dien ap ra bi thay doi khong co 
tinh chu ky, luc cao luc thap, luc nhanh luc cham. Hipn ttfdng nay 
dddc goi la hien lifting troi dien ap mut khong. Mure troi dien ap d ngd 
ra cang ldn neu mach co do khuech dai dien ap cang ldn. 


Dien ap mtfc khong d ngo ra bi troi do cac nguyen nhan 
chinh nhif sau: 

1. Anh htfdng cua nhipt dp len cac thong sti cua transistor 

Cac thong so ky thuat cua transistor deu bi thay doi theo 
nhiet do doi vdi ea hai loai transistor Sj va G e , trong do ba thdng so 
chiu anh hifdng Idn nhat la dien ap phan ctfc V B e, do khuech dai P 
va dong dien ri Icbo- 

a. Dien dp Vue thay doi theo nhiet do: 

Theo thife nghiem va ly thuyet ban dan, khi nhiet dp tang 
1°C tht dien ap phan ci/c V B e giam 2mV. He so nhiet cua dien ap 

V B e14: = -2mV/‘C 


b. Do khuech dai ft thay doi theo nhiet do: 

Theo thife nghiem, khi nhiet dp tang 1°C tht dp khuech dai p 
tang khoang 1%. He so" nhiet cua p la: 

. 100% = 1%/°C 
dT 
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ChUilng 3 


Mach khuech dai DC 


c. Dong dicn ri lean theo nhiet do: 

Trong transistor, moi noi CB dupe phan cUc ngifpc nen dong 
dien qua moi noi CB chi' la dong dien ri. Tuy nhien, dong Icso tang 
cao khi nhiet do tang. Dong dien ri If no dupe tinh theo cong thife: 

fcHO= IcBO(R) e UT 251 

Trong do: Icbo(h>: dong dien ri Cl nhiet do tieu chuun la 25°C 
T: nhiet dp moi trifling dang thi nghiem (°C) 

Icb<>: dong dien ri d nhiet dp T (°C) 

k: he so nhiet (k = 0,08/’C cho G c va 0.12/*C eho S.) 

Khi nhiet dp tang se lam giam Vue, nghTa la vdi milt dien ap 
phan cite dang co thi dong dien Ib se tang. Luc do, dp khuech dai [3 
cung tang se lam dong dien Ic tang manh, kel help vdi dong dien ri 
Icbo tang, cang lam Ic tang manh hdn, dan den dien ap Vc giam nhd 
lam “dien ap mure khong bi troi”. 

Be gidi han anh hudng cua nhiet dp lam “dien ap mile khong 
bi trdi”, ngiriii ta thifcfng phan cifc cho transistor lam viec vdi dong 
dien In nhd, luc do se cd do khuech dai (3 nhd. Ngoai ra, khi chon 
transistor nen chon loai transistor cd I c -bo cang nhd cang tot. 

2. Bu anh htfdng cua nhiet do 

Be tranh hien tifpng “dien ap mile khong bi trdi”, cd the 
dung cac mach bu anh hifdng cua nhiet dp len dien ap Vbe va dong 
dien ri Icuo nhu" mach dien hinh 3.5a va 3.5b. 

a. liu mite rhay ddi dien dp \ 

Mach dien hinh 3.5a dung cau phan ap R va died D cd tac 
dung ghim ap cho cifc E. Do noi den ngudn am - Vcc nen cifc E cd 
dien ap am la dien ap phan cifc cho diod D. 

V r: = - V D = - 0,7V va V« = 0V 
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Mach Ttfdng Tif 


Nguyen Tan PhUde 


=> V be = V B - V E = V B + V D = V D = 0,7V 


^Va; 



Hmh 3.5a : Ghim ap d tire E 

Khi nhiet do tang se lam giam Vbe, nhdng do diod D cung 
chiu anh hirdng cua nhiet dd nen Vd cung giam nho hon 0,7V do do 
diod D co tac dung bu cho mdc thay doi cua dien ap V BE khi nhiet 
do tang. 

b. Bu cho dong dien ri Icuo-' 


-v^ 



Hinh 3.5b : Khong co diod va co diod D song song hai chan BE 

Khi nhiet do tang, dong dien ri Icbo cung tang va dong dien 
ri nay lam dong I B t3ng dan den Ic t5ng va lam dien ap mdc khong 
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Chuong3 


Mach khucch dai DC 


bj troi. Trong mach dien hinh 3.5b ngdcJi ta dung diod D ghep song 
song ngddc chidu vdi moi noi BE. Khi nhiet do tang lam tang Icuo 
thi diod D cung co dien trcf ngdcfc giam nen dong dien ri Icbo cua 
transistor se qua diod D xuong mass chd khong vao moi noi BE. 

Nhd vay, dong Ib khong tang va Ic khong tang nen khong 
lam thay doi mdc dien ap ra. 

Ngoai yeu to nhiet do lam thay doi cac thong so" ky thuat cua 
transistor, lam cho dien ap mure khong bi troi, con co ye’u to khac la 
sd thay doi mure dien ap nguon Vcc- Khi dien ap nguon thay doi tri 
so se lam thay doi dien ap Vb, Vc va dan den troi dien ap mure 
khong. Tuy nhien van de nay dUdc giai quyet mot each defn gian la 
sur dung nguon on ap de cd dien ap V cc la hang so". 

§3.5- CACH TINH HE SO ON DINH NHIET 

Qua cac phan phan tich va ly luan tren cho thay de tranh anh 
hddng cua nhiet do lam thay doi cac thong so cua transistor co the 
lam sai diem lam viec tinh, ngifdi ta dung nhieu each khac nhau de 
phan ede cho transistor, moi each phan ede cd tac dung va hieu qua 
on dinh nhiet khac nhau. 

De dac trdng cho tac dung va hieu qua on djnh nhiet, ngddi 
ta dinh nghTa he so" on dinh nhiet la: 

S : Stability = on dinh 
S : phu dinh cua S 

S con dddc goi la “do bat on dinh nhiet”. Cach goi nay hop 
ly hdn vi theo dinh nghTa S cang nho thi mach cang on dinh ve 
nhiet do, nghTa la S cang nho thi “ do bat on djnh nhiet” cang thaip. 

Cong thde tong quat de tinh he so on dinh nhiet S la: 


q -a 
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Mach Tufting Ttf 


Nguyen Tan Phifdc 


Trong do: q la he so tuy thude each phan cufc cho transistor 


a la he so khuech dai dong rap kieu B chung. 


a - 


hi 

h: 


P + 1 


He so" q da dtfcfc gidti thieu trong bang thict ke mau hinh 
1.14, chifcfng 1. 
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Chiftfng 4 

MACH KHUECH DAI VI SAI 
DARLINGTON - CASCODE 

§4.1- MACH KHUECH DAI VI SAI 

Dc co the khuech dai cac tin hieu co tan so raft thap hay cac 
tin hieu bien thien chain va khdng co ti'nh chu ky, ngifcli ta thtfdng 
dung mach khuech dai DC theo kieu lien lac trtfc tiep. Mach nay co 
dap ufng tan so thap rat tot nhubg lai co hien tullng dien ap trdi, do 
do, de tranh hien tullng dien ap trdi va tang kha niing chong nhieu d 
cac tang khuech dai dau tien, ngifdi (a dung mach khuech dai vi sai 
(Differential Amplifier). 


1. Sot do mach cot ban 



H'inh 4,1 ; Mach vi sai cd ban 

Mach khuech dai vi sai cd ban (htnh 4.1) trong do hai 
transistor Ti-Ti la hai transistor cung ten, cac dien trd phan ctfc cd 
tri so giong nhau. 
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Mach Tudng Tif 


Nguyen Tan Phiftfc 


Tin hieu vao ditdc dita vao hai cifc B|-B 2 va R la dien trd 
nhan tin hieu vao cua moi transistor. 

Khi 6 ngd vao c6 mite dien ap Vj thi VWj se tac dong vao moi 
transistor do tinh phan ap cua hai dien trd R va se co hai trifctng hdp: 
khi cifc B| nhan dien ap dddng thi ctfc B 2 nhan dien ap am so vdi 
mass va ngifdc Lai. 

Theo hinh ve 4.1, d ngd ra dien ap Vci giam va dien ap 
tang. Dien ap ra lay gitfa hai cure C la: 


AV 0 = AV C i - AV C2 

Thong thirling transistor difdc phan cifc vdi dieu kien Rb 2 » 
r hc nen do ldi dien ap cua moi transistor la: 

AK, AV n a R. 

An =4,=^rr- = ^rr- = -0 


n ' 2 AK (1 AV i2 ' R lll+ r, 
Suyra: AV C i = Avi-AVn = V 2 Avi.AVj 

AV C2 = Av 2 -AV ,2 = - '/z Av’.AVi 


Do ta co: AVq = AVci - AVf 2 = Av.AVj 


Suy ra: 



= ~fi 


*<■ 

R K\ +r hc 


Trong do: 


= r ll+ (\ + fi) 


26 mA 

~T~ 


Cong thufc tren eho thafy tuy mach khuech dai vi sai dung hai 
transistor, nhifng dp ldi dien ap chi bang do ldi cua tang khuech dai 
thong (hiring vdi mot transistor. 

2. Dae diem cua mach khu£ch dai vi sai 

Khi co dien ap tin hieu d ngo vao thi do cau phan ap dung 
hai dien trd R lam cho ctfc B| co dien ap dddng va ctfc B 2 cd dien ap 


hi 



Chitting 4 


Mach khuech dai vi sai 


am hay ngittlc lai. Luc do, T| dan manh lam Vci giam va T 2 dan yeu 
lam V C 2 tang se cho ra tin hieu ngd ra AV C i va AV C 2 ngifdc dau. 

Dien ap ra cua mach vi sai la: 

AVo = AVci ■ AVc 2 — 2AVci — 2AV<72 

Khi co tin hieu nhieu pha roi thi tin hieu nhieu se tic dong 
dong thiti len cite Bi va B 2 vdi dien ap dong pha (cung dtttlng hay 
cung am). Nhif vay, ft ng5 ra AV Ci va AVc 2 bien thien cung hitdng 
se triet tieu nhau va AVo = 0. 

Nhif vay, mach khuech dai vi sai co kha nang chong nhieu 
rat tot. Tin hieu nhieu ft day co the la tin hieu dien tit, nhiet do moi 
trifdng hay sd bien thien dien ap cua nguon. 

3. Ti so nen dong pha CMRR (Common Model Rejection Ratio) 



Hinh 4.2 : Mach vi sai co Rr 

De danh gia kha nang chong nhieu cua mach khuech dai vi 
sai ngifcii ta dura ra khai niem ti so"nen dong pha CMRR. 
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Mach Turing Tu 1 


Nguyen Tan Phifde 


Trong scl do much dien hinh 4.2, dien trd Re c 6 tae dung lam 
tang kha nang chong nhidu cua mach, bien trd VR co tae dung tao 
si! can bang dong dien Ici va l<- 2 - 

Trong ode mach khuech dai dung transistor, dien tret Re cd 
tac dung on dinh nhiet va la mach hoi tiep am dong dien. 

Trong mach khuech dai vi sai dien trd R t nhan dong thdi hai 
dong dien Iri va Ie 2 - Tac dung on dinh nhiet cua Re trong mach dieu 
khien vi sai cd nguyen ly sau: 

> Gia thict nhiet do indi tnrdng tang lam T| bi nong len => In 
tang Iei tang qua Re => Ve chung tang. Luc do, I^ri giam 
nen T t chay yeu trd lai dong dien lei giant => I E i giam 
xudng mdc trung binh. 

> Ngufdc lai, gia thiet nhiet do mdi trifling tang lam T 2 bi ndng 
len => let ling => Ir 2 tang qua Re => Vr chung tang. Luc do, 
VuR 2 giam nen T 2 chay yeu tret lai => dong Ic 2 giam => 1^2 
giam xudng mdc trung binh. 

Nhir vay, lieu chon trj so Re du ldn thi khi dong Ie tang it 
cung lam V E ting cao du dc tao hoi tiep on djnh nhiet giam hien 
tddng dien ap troi cl ngo ra va chong cac tin hieu nhieu dong pha. 

Trifling help el ngo vao nhan tin hieu vi sai se dieu khien hai 
transistor chay ngdcic hddng nhau (T| chay manh thi T 2 chay yeu va 
ngddc lai) nen khi Ic 1 tang thi lo giam; va do 2Ie = Ici+Ic 2 nen dong 
dien qua Re la 2Ie co trj so gan nhif khong doi. 

Nhd vay, dien tnl Rr khong cd tac dung hoi tiep am doi vdi 
tin hieu vi sai va nhd the dp Idi cua mach khuech dai vi sai khong 
doi va van ddpc tinh theo cong thde: 


AV. R u .+r, 


m 
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Chitons 4 


Mach khuech dai vi sai 


Khi phan tich, tinh loan cho mach khuech dai vi sai ngitoi ta xei 
rieng hai trufrng hdp co tin hieu vi sai Vci co tin hieu nhieu dong pha. 

Hinh 4.3 la mach titong ditong khi xet tin hieu vao la tin hieu 
vi sai, dien ap dat vao cdc B| va B 2 la hai tin hieu ngitoc pha nhau. 
Luc do, di£n tret R E khong co tac dung nen d cite Ei va E 2 chi con 
V 2 VR (bien tret dieu chinh tao sdcan b&ng dong dien Ici*Ic 2 )- 

Tong trd ngo vao cua mach hinh 4.3 la: 

n = 2(R B | + The + Vi PVR) 

va do: rb e = rb + Pr c nen ta co: 

n = 2 (R B i + r b + Pr K + Vi PVR) 

Dat: Rb = RBt+r b va Re= r e +'/WR 

Suy ra: r ; = 2 (R H +PR E ) 



Hinh 4.3 : Mach titong ditong vdi tin hieu vi sai 

Cf ngo ra dong tin hieu lay <i hai ede C|, C 2 nen d6ng tin hieu 
di tdede C| qua C 2 phai qua tong trd ngo ra lit: 
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Mach Tddng Tit 


Nguyen Tan Phifdc 


r<> =2R C 

Hinh 4.4 la mach tddng dudng khi xet tin hieu vao la tin hieu 
ddng pha nhau. Luc do, dien trd Re co tac dung on dinh nhiet va 
dong dien qua Re la 2 Ie nen trong mach ttfdng dudng di6n trd R r 
cho m6i transistor la 2R E de van co dien ap d ciXc E la V E = 2 Ie.Re- 

Vdi each phan tich tifdng td ta van co the tinh dirdc tong trd d 
ngo vao va ngo ra cua mach hinh 4.4. Lifu y la tin hieu vao Vj dat 
vao ede B cua tifng transistor so vdi mass chuf khong dat vao giufa 
hai cifc B nhd tin hieu vi sai. 

Dat i Rj) = Rbi + Tb va Re = r t + */iVR 

Suyra: r, = 2(R„ + pR E ) 



Hinh 4.4 : Mach tiTdng dtfdng vdi tin hieu dong pha 


Be danh gia chat lifting cua mach khuech dai vi sai thirdng 
dung ti so nen dong pha (CMRR) dirdc dinh nghTa theo he thufc sau: 


CMRR = 


A v vi sai 


Av dong pha 


(Do ldi dien ap vi sai) 
(Do ldi dien ap d6ng pha) 
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ChUdne 4 


Mach khucch dai vi sai 


Neu mach c6 tinh doi xtfng mot each ly tifdng thi do ldi dien 
ap dong pha bang 0: Nhu 1 vay ti so CMRR tien den vo ctfc, kha nang 
chong nhieu ciia mach vo cung ldn. 


§4.2- MACH KHUECH DA] VI SAI CO NGUON ON DONG 
I. Mach on dong cd ban 

Mach on dong viet tat la VCCR (Voltage Controlled Current 
Source = nguon dong dien dddc kiem soat bang dien ap) con dt/dc 
goi la nguon dong hang. 

Mach on dong la mach giu" cho dong tai on dinh ma khbng 
phu thuoc theo dien ap nguon V C c hay tri so cua dien trd tai R L 
trong mot gidi han cho phep. 

So do 4.5 la mach on dong cd ban dung transistor va diod Zener. 



Hlnh 4.5 : Mach on dong cd ban Hinh 4Jr . Ky hi$u nguon on dong 

Theo mach phan ede ta cd: 

V B = V Z (hang so') 
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Mach Ttfdng Tif 


Nguyen Tan Phtfdc 


V E = V B - Vbe = V z - 0,7V (hiing so) 

v . V -0 7 

Suy ra: I~— = —-— (hang so) 

r h 

Do I L = Ic = Ie nen dong dien tai cung co tri so on dinh theo 
cdng thtfc tren ma khong tuy thuoc tri so dien trd tai R L hay dien ap 
nguon Vcc trong m6t gidi han cho phdp. 

Theo dinh nghTa, mach on dong hay nguon on dong co tong 
tret dtfdc tinh theo cdng thtfc: 

AV 


Trong do: AV la mtfc bien doi dien dp 

AIs la mtfc bien doi dong didn ctfa nguon. 

Do Is la hang so nen AIs = 0. Nhtf vay, tong trd n vo cdng Idn. 

2. Mach khu€ch dai vi sai co ngu^n fin dong 

Trong mach khuech dai vi sai khi cd tin hieu vao vi sai se 
lam Ti dan manh cho I E | tang thi T 2 dan yeu cho I E2 giam. Bieu nay 
lam cho dong dien qua R E la 2I E khong doi nhtf mach on dong. Nhtf 
v 3 y, co the thay R E bang mach on dong nhtf mach dien hinh 4.7 
trong do Tj la mach on dong thay cho R E . 

Hai nguon +V C c va -V C c la hai nguon dtfdng vzi am cd the 
doi xtfng ho5c khong doi xtfng va la hai nguon on ap. Cau phan ap 
Rt - R 2 co tac dung phan ctfc on dinh cho Tj nen cd dong Io on dinh 
tinh theo cong thtfc: 

l (i = / t-y = -p~ V* Ic3 = Ie] + Ie2 

Theo phan tich tren, mach on dong T 3 cd noi trd rj rat Idn 
thay cho R E . Khi R E rat Idn lam tang tac dung hoi tiep on dinh nhiet 
va lam cho do khuech dai dong pha A v dong pha = 0. Luc do, ti so 
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Mach Tifcfng TV 


Nguyen Tan Phifcle 


Mach dien hinh 4.8 chinh la mach khuech dai vi sai cd ban 
co R e de tang kha nang chong nhilu. 

Mach dung hai nguon + Vcc va -V cc (co the doi xuhg, co the 
khong doi xuhg). Vdi each phan ctfc nay cite B co the khong dung cau 
phan ap Rbi -Rb 2 va cut B co Vm = Vb 2 = OV. 


Luc do, V E se co dien ap am V E s - 0,7V. 
Cac thong so ky thuat cua mach la: 


- Do khuech dai dien ap vi sai: 


A =-fi 


R c 


K ll I + r bc 


- Ti so nen dong pha CMRR rat Idn 

- Tong trd ngo vao : r, = 2(R B + r he ) 

- Tong trot ngo ra: r„ = 2Rc 

Mach nay thtffrng dtfdc chon lam mach khuech dai ngo vao 
cua cac tang khuech dai DC co ngo ra doi xtfng. 

2. Mach khuech dai vao cSn bang • ra khong can bang 



Hinh 4.9 : Ngo ra khong can bang 
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Chifdng 4 


Mach khucch dai vi sai 


Mach dien hinh 4.9 co ngo ra khong can bang, tin hieu chi lay 
t£r cut C| xuong mass nen dien ap ra hi giam di mot phan hai so vdi 
mach 4.8. 

Dien trot Re co tac dung giiim hien lifting dien ap troi. 

V6 phan ctfc ta vSn co: 

V B , = V B2 = OV va V E i =Ve 2 = -0,7V 

Cac thong so ky thuat cua mach la: 

1 R r 

- Do khucch dai dien ap vi sai: A.. = — B - 

- Tong trd ngo vao: r, = 2(Rb + rb e ) 

- Tong trd ngo ra: r„ = Rc 

Mach nay thuftng dung trong tang khuech dai trung gian 
trong Ampli hay cac mach khuech dai DC. 

3. Mach khu£ch dai vao khong can b^ng, ra can bang 

Mach dien hinh 4.10 la trifclng hop ngtfdc lai cua hinh 4.9, tin 
hieu v, chi cho vao ctfe Bi so vdi mass. 



Hinh 4.10 : Ngo vao khong can bang 
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Mach Tifting Td 


Nguyen Tan Phddc 


Ve phan cure m0t chieu ta van co: 

V B i=V B2 = OV V El = V E2 = - 0,7V 

Khi co tin hiSu vao T| khuech dai se cho ra hai tin hieu <3 
ede Ci va E). Luc do, T 2 dddc xem nhd transistor khuech dai rap 
kieu B chung co tin hieu vao ede E 2 V& ra d ede C 2 . 

Xet trddng hdp tin hieu v ( cd ban ky dddng vao ede B|, ede 
C] co tin hi£u ra dio pha la ban ky am, trong khi ede E| co tin hieu 
ra dong pha la ban ky dddng. Dol vdi T 2 co tin hieu vao E 2 la ban ky 
dddng nen ede C 2 c6 tin hieu ra dong pha la b£n ky dddng, vi mach 
khuech dai B chung la mach khuech dai dong pha. 

Nhd vay, tin hieu ra tren hai ede C| vii C 2 cung la hai tin 
hieu ngddc pha nhau se lam cho dien ap ra vo tang gap doi so vdi 
tin hieu v t] . 

Cac thong so ky thuat cua mach la: 

- B6 khuech dai dien ap vi sai: --— 

^ ft + r be 

- Tong trd ngo v^o: n = 2 (Rb + r be ) 

- Tong trd ngo ra: r 0 = 2R C 

Mach nay co tac dung doi tif tin hi$u khong can b&ng ra tin 
hieu can b&ng. 

4. Mach khuech dai co ngo vao v& ngo ra khong c&n bang 

Mach dien hinh 4.11 cung dung hai transistor nhd mach 
khuech dai vi sai cd ban nhtfng tin hieu vao \\ chi dda vao ede B| va 
tin hieu ra chi lay tren ede Ci so vdi mass. 

Hai transistor Ti va T 2 van co tac dung trifeae tin hieu nhieu 
d6ng pha hay dnh hddng cua nhiet do tac dung len hai transistor. 
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Chifdng 4 


Mach khuech dai vi sai 



Hinh 4JJ_ : Ngo vao va ra khong can bang 
Ve phan cite mot chieu ta van co: 

V B) = V B2 = OV 

V E , = V E2 = -0,7V 

Ti la transistor khuech dai dao pha rap kieu E chung. 
Cac thong so ky thuat cua mach la: 

1 R 

- Do khuech dai dien ap vi sai: A v = —/?— 5 - 

' 2 R R +r he 

- Tong trd ngo vao: r, = 2(R a + r be ) 

- Tong trd ngo ra: r„ = Rc 


§4.4* PHl/OfNG PHAP GIAM HI$N TtfONG DIEN AP TROI 

Mach khuech dai vi sai co hien tiling dien ap troi la do dac 
tmh ky thuat cua hai transistor khong giong nhau hoan toan, mac du 
hai transistor cung ten do cung mot hang san xuat trong cung mot 
loat hang (Series). Be tranh hien ttfdng dien ap troi trong mach 
khuech dai vi sai ngtfcli ta thirdng dung cac bien phap sau: 

I. Dung dien trot R E khong d#i xtfng 
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Mach TUdng Tir 


Nguyen Tan Phifdc 


Sif mat doi xiJng ciia hai transistor la do dien ap Vbe khac 
nhau. Be bu lai su 1 khac biet nay ngtfcli ta dieu chinh dong dien Ie 
bang each thay doi Re. 



Hmh 4.12 : Dien trot Re khong doi xtfng 

Trong mach hinh 4.12 bien tret VR se lam thay doi tri so Rei 
va Re 2 - Neti chinh bien tret VR sang cut E[ thi Rei giam, Re 2 tang va 
ngitdc lai. Khi hai dien tret Rei va Re 2 khac nhau thi dong dien I E i va 
1 e 2 cung khac nhau. 

* Cach thtfc hien: 

- BUdc 1: Dieu chinh R C i = Rc 2 

- Btfdc 2: Dieu chinh bien trot VR de cho ddng Thi va Ie 2 de 
hii si/ mat doi xtfng giffa V UE i va Vbe 2 . Khi do Ici va Ic 2 se lam cho 
Va khac V C 2 . 

- Bitdc 3: Dieu chinh lai bien tret Rei sao cho Vo = Vc 2 de c6 
V 0 = OV. 

Cach dieu chinh nay lam cho Ro khac Rc 2 nen se lam mach 
giam kha nang chong nhieu dong pha. 

2. Dung mach hoi tiep dong pha 
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Chifting 4 


Mach khucch dai vi sai 



Hmh 4 . 13 \ Tranh digit ap troi bang mach hoi tiep dong pha 

Trong sd do mach dien hmh 4.13 co hai mach khuech dai vi 
sai, mach vi sai T1-T2 co Tj la transistor on dong thay cho Rei, mach 
vi sai T.1-T5 co Re la cau phan ap R1-R2 de lay dien ap hoi tiep ve 
ctfc Bj. 

Khi co tin hieu nhieu dong pha nhau do anh hiTcfng aia nhiet 
dp thi ca hai transistor cirng chiu tac dong nhtf sau: gia thiet tin hieu 
nhieu dong pha lam V B |-V B 2 tang nen Ici-Ir2 tang lam Voi'Vc2 
giant. Dieu nay lam cho V^-Vbs giant nen Ic4-lcs giant dtfa den 
VE4-VEs giant va dien ap hoi tiep V E giam nen Vaa giam. Nhtr da 
biet: l C i = In + lc2 nen khi V B i giam se lam cho let giam Itic la In 
va Ic2 khong tang dtfdc, mach co dp on djnh tot. 

Nhit vay, tin hieu nhieu dong pha da bi giam hay loai bo befi 
tac dung cua mach hoi tiep tranh hien lifting dien ap troi. 



Mach Tudng Tif 


Nguyen Tan Phtfcfc 


§4.5- M^CH DARLINGTON 

Trong cac mach khuech dai can co do khuech dai dong dien 
that ldn hay cac mach can co tong trd vao ldn ngufdi ta co the dung 
hai hay nhieu transistor rap to hdp theo sd do mach Darlington de 
dat cac yeu cau tren. 

1. Mach Darlington cd ban 

Mach Darlington cd ban cd sd do nhu’hinh 4.14 trong do ctfc 
E| noi trifc tiep vao cdc B 2 nen I E i = Ib2- 



Hmh 4 . 14 ; Mach Darlington cd ban 


Transistor T| co: 

Iei ~ Ici = Pi-Ibi 

(1) 

Transistor T 2 cd: 

Ie2 = Ic2 = P2 • Ib2 

(2) 


Do mach Darlington co: I E | = Ib 2 
nen khi thay (1) vao (2) ta cd: 

Ie2 = P2-Ib2 = ^2-Iei 
= P2-P1 -Ib 1 = Pi-P 2 -Ibi 
Suyra: Ie2 = Pi-Pj-Ibi 
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Churns 4 


Mach khuech dai vi sai 


Neu goi dong dien ngo vao cua mach la I| thi Ii = Ibi, dong 
dien ngo ra cua mach la Io thi Io = Iez va goi p la do khuech dai 
dong dien cua toan mach thi: 

* I * H\ 

Gia suT T| co p[ = 100,T^co p2 = 80 

Do khuech dai dong dien cua mach Darlington la: 
p = p,.p 2 = 100.80 = 8000 

Nhir vay, dong dien ra tren tai se b&ng 8000 lan dong dien d 
ngo vao. Mach Darlington co do khuech dai dong dien rat ldn. 

2- Xet tong trd vao cua mach Darlington 

Nhd da biet, tong trd vao cua transistor rap kieu C chung la: 
r,= rh e + P-Re 

Neu nhin vao tcf cut B2 thi tong trd vao cua T 2 la: 
r>2 = Tbe2 + p2-R|_ 

Neu nhin vao tijf ctfc B| thi tong trd vao cua T| cung chi'nh la 
tong trd vao cua loan mach la: 

H = r n = rbei + Pi.r i2 

=> r, = Tfc + p 1 (r be + p2.RO (cho r bel = r be2 ) 

=> n = (p + 1) r be + Pi.P 2 .Rl (rat ldn) 

Nhir da chtfng minh phan tren, tich so P1.P2 rat ldn nen tong 
trd vao cua mach Darlington se rat ldn. 

Mach Darlington ngoai tac dung tao do khuech dai ddng 



tong trd ra rat nho de dung hop vdi tai. 
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Mach TUdng Ty 


Nguyen Tan Phu’dc 


3- Cac kieu mach Darlington 

Trong thtfc (e mach Darlington co the dung hai transistor 
cung loai NPN hay cung loai PNP va cung co the dung mot 
transistor NPN to hdp vdi mot transistor PNP. 

Co bon kieu mach Darlington nhusau: 

Sd dd hinh 4.15a dung hai transistor NPN vdi nguon diidng 
+Vcc. set do hinh 4.15b dung hai transistor PNP vdi nguon am -V cc . 
Hai mach nay co quan he dong dien giufa hai transistor lii: I^i = Ib 2 - 



Sd do hinh 4.15c va 4.15d dung hai transistor khac loai vdi 
nguon dien theo loai transistor T 2 . Hai mach nay co quan he 
dong dien giffa hai transistor la: Ici = Ib 2 . 

3. Msjch ti/dng dtfcfng cua ki£u Darlington 

Sd do hinh 4.16 la mach ttfdng ditdng cua hai transistor 
Darlington trong hinh 4.15a va 4.15b. Trong mach nay hai transistor 
rap kieu C chung, tin hieu lay ra d cut E 2 . 

That ra mach Darlington van co the rap kieu E chung nhiTng 
do mach co do khuech dai dong dien ldn nen thudng dude dung d 
tang khuech dai cong suat va tang nay lai co yeu cau doi tong trd 
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Mach khuech dai vi sai 

>-1 


ldn ra tong trd nho de dung hdp vdi tai c 6 tong trd nho, nen mach 
Darlington thudng dUdc rap kieu C chung nhuf cac mach trong hinh 


4.15. 


T n > 



Hinh 4.16 : Mach ti/cfng dtrctng cua hinh 4.15a va 4.15b 

§4.6- MACH CASCODE 

Mach Cascode gom hai transistor khuech dai ghep chong len 
nhau (hinh 4.17), T| la transistor khuech dai ngo vao rap kieu E 
chung, T 2 la transistor khuech dai ngo ra rap kieu B chung vi co tu 
Cb phan dong. 

Cau phan ap R 1 -R 2 de phan cut mot chieu cho hai transistor 
va dien ap Vb 2 phai du cao vi: 

Vci = V p_2 = v 02 - V be = V B2 - 0,7V 

Luc do, Vci mdi co mdc dien ap du ldn de T| lam viec trong 
vung tuyen tmh (vung khuech dai) cua transistor. 

Tin hieu ra sau T| la v H |, chinh la tin hieu vao v i2 cua T 2 . Do 
T 2 rap kieu B chung nen co tong trd vao nho, tong trd ra rat ldn, nhd 
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Mach Tifdng Tif 


Nguyen Tan PhUdc 


do Ti co tac dung ngan each anh htfdng cua ngo ra deTn ngo vao nhat 
la d tan so cao. 



H\nh 4J_Z - Mach Cascode 

Mach Cascode co do khuech dai dien ap blng do khuech dai 
dien ap cua mach rap kieu E chung nhifng co di£n dung Miller 6 
ngo vao nho (tac dung nay se difdc phan tich trong giao trtnh “Mach 
dien tuT-Tap2”). 

Di6n ap tin hieu Vj] vii v 0 | dao pha nhau nhdng dien ap tin 
hieu v o! v& v ( ,2 dong pha nhau. 

Khi dieu chinh dien ap phan ctfc cua cau phan ap R 1 -R 2 se 
lam thay doi mtfc dien ap mot chieu cua ca Vqi va V 02 . 
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MACH KHUECH DAI THUAT TOAN 

§5.1- DAI CLfGNG 

Mach khuech dai thuat toan, thi/dng dtfdc goi tat la OP-AMP 
(Operational-Amplifier), difdc thiet ke de thifc hien cac phep toan 
nhil cong, trCr, nhan, chia, vi phan, tich phan... trong cac may tinh 
tifdng til Trong qua trinh phat trien OP-AMP con co them nhieu tfng 
dung khac va tret thanh linh kien tich cifc quan trong nhat trong cac 
mach khuech dai AC, mach khuech dai DC, mach so sanh, mach 
dao dong, mach tao xung, mach do... 

Trong cac loai OP-AMP da dtfdc san xuat va si3r dung hien nay, 
IC741 difdc xem la OP-AMP tieu chuan, 1& loai vi mach ddn khoi 
tich hdp ldn difdc che tao theo cong nghe m£ng mong. Nhd kha 
nang tich hdp ldn nen IC741 difdc dng dung rat rdng rai va da dang. 

Trong chifdng nay chu yeu chi gidi thieu d2c tinh ky thu&t va 
cac mach uftig dung cd ban cua IC741. 

OP-AMP co ngd vao kieu vi sai, dUdc ky hieu nhif hinh 5.1a. 

Cac chan ra: 

- ln + : ngo vao khong dao 

- In': ngo vao dao 

- Out: ngo ra 

- +V: noi nguon dufdng 

- -V: noi nguon am 

- GND: diem chung, diem OV (mass) 

Hinh 5Ja : Ky hi$u cua OP-AMP* 
va c3ch cap nguon doi xtfng 
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Theo tieu chuan OP-AMP phai dtfdc cap bdi hai nguon doi 
xufng ±V nhu 1 hinh ve. Tuy nhien, trong nhieu trudng hdp OP-AMP 
cung co the lam viec vdi nguon ddn nhtf trong hinh 5. lb. 



Hinh 5.1b : OP-AMP dung nguon ddn 

Trt/dng hdp OP-AMP dung nguon doi, tin hieu ra co the bien 
doi vd phia dien ap dudng hay dien ap am so vdi mass. 

Trifdng hdp OP-AMP dung nguon ddn thi tin hieu ra chi co 
mdc dien ap dddng nhdng se bien doi chung quanh mot gia tri trung 
binh thddng la 1/2 nguon +V. 


§5.2- DAC TINH KY THUAT CUA OP-AMP 
1) Cac thong so' dac trufng cua OP-AMP 

Mot OP-AMP ly tifdng la mach cd long tret vao vo cung ldn, 
tong trd ra vo cung nho, do ldi dien ap va bang thong cung vo cung 
ldn, toe do bam giffa tin hieu ra vdi tin hieu vao khong bi han che'. 

Trong thufc te, OP-AMP cd do ldi, bang thong, tong trd vao... 
hi?u han va cd toe do bam bi han che' giffa tin hieu vao va ra. Do do, 
khi suf dung OP-AMP loai nao, can thiet phai biet cac thong so dac 
trtTng sau day: 

a) Do khuech dai di@n dp vong hd: Avo 

Mach khuech dai khong cd dcfdng hoi tiep difdc gpi la mach 
khuech dai vong hd. Avo la ti so giCTa dien ap tin hieu ra va dien ap 
tin hieu vao. 
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Ayo thifdng dUdc bieu didn bang ddn vi dexiben (dB). 

Do khuech dai dien ap then ddn vi dB dUdc dinh nghTa la: 
A (dB) = 201gA 

Thidu: A V o = 10.000 cho ra A (dB) = 201g 10.000 
= 20 x 4 = 80dB 


Avo = 100.000 cho ra A (dB) = 201gl00.000 
= 20 x 5 = lOOdB 


b) Tong trd ngo vao: Z\ 

Z| la so do trd khang nhin tri/c tiep ttf cac ngo vao cua OP- 
AMP. Zi dUdc tinh bang ddn vj dien trd va thudng Zico tri so khoang 
vai chuc MO, Boi vdi cat tin hieu co tan so cao thi tong trd Zi bj 
giam tri so. 

c) Tong trd ngo ra: Zo 


Zo la so do trd khang nh'in true tiep ttf ngo ra va cung dtfdc 
tinh bang ddn vj dien trd. Zo thudng cd tri so tuf vai Q den 1000. 
Ddi vdi cac tin hieu cd tan so cao thi tong trd Zo tang tri so. 


d) Dong dien phan cue ngo vao: h, 

Ng5 vao cua OP-AMP thudng dung transistor ludng noi nen 
can mot dong dien phan cut cho cut B d moi ngo vao. Dong dien 
phan cut ngo vao It, co tri so khoang dudi 1 pA. 

e) Nguon dien cung cap: 

ThUdng dung nguon doi xUhg ±V, ngudn cung cap phai d 
trong gidi han nho nhat va ldn nhat. Neu ngudn dien ap qua cao se 
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de lam hong OP-AMP, neu dien ap qua thap thi OP-AMP hoal dong 
kem, khong thUt hien day du va chinh xac cac chtfc n3ng cua no. 

Mtfc gidi han cua nguon dien cung cap la: ± 3V den ±15V. 

f) Mute dien dp tin hieu vao: V :mul 

Khong dUde vifdt qua mtfc dien ap nguon cung cap. Tri so 
V| m „ thtfdng nho hdn nguon ttf IV den 2V. 

g) Mvtc dien dp tin hieu ra: Vo, nux 

Neu dien ap tin hieu vao qua ldn thi d ngo ra se cd trang thai 
bao hoa. Dien ap tin hieu ra Vo„iax phu thuoc vao dien ap nguon va 
thtfdng nho hdn 1V den 2V. 

h) Dien dp lech ngo vao vi sai: Vn 

Dien ap vao vi sai V D la hieu so gida hai dien ap V| va V 2 . 

Trddng hop OP-AMP ly tdcfng, neu ngo vao co V| = V 2 thi 
dien ap vao vi sai V u = 0, di6n ap ra vi sai Vo = 0. Trong thde te, cac 
transistor d ngo vao rat kho che tao de co cac thong so hoan toan 
giong nhau, do do se co mot dien ap lech rat nho giufa cac ngo vao. 

Dien ap lech ngo vao vi sai cd tri so khoang vai mV nhung 
do OP-AMP cd do khuech dai rat ldn nen dien ap d ngo ra cua OP- 
AMP co the d trang thai bao hoa. 

De tranh anh hifdng cua dien ap lech ngo vao vi sai, ngtfdi ta 
phai dung mach dieu chinh bu trif - goi la chinh OFFSET se dude 
gidi thieu trong phan sau. 

i) Tl so nen dong pha: CMRR (Common Model Rejection 
Ratio) 

OP-AMP ly ttfdng cd dien ap ra Vo ti le vdi hieu so hai dien 
ap vao V| va V 2 . Khi hai tin hi€u d hai ngo vao being nhau (goi la tin 
hieu dong pha) thi V| - V 2 = 0, d ngo ra se cd Vo = 0. 
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Thurc te, khi ngo vao co tin hieu dong pha thi ngo ra van co tin 
hipu ra nho. Kha niing giam tin hi6u dong pha cua OP-AMP difdc 
djnh nghTa la ti so giufa do khuech dai tin hieu vi sai vdi do khuech dai 
tin hieu dong pha. 

CMRR = A Avvisa> 

A-v dong pha 

CMRR cung co the tinh theo ti le dexiben theo cong thut: 

CMRR = 20lg Av v ' -— 

dong pha 

Ti le nen dong pha CMRR co the dat tif 80dB den lOOdB. 
j) Tan so cdt. fr 


OP-AMP co do khuech dai dien ap vong hd rat ldn, thiTc te 
Avo = lOOdB, khi lam viec d tan so" thap. Dp khuech dai nay se giam 
khi tan so tang. Tan so" cat f T la tan so ma do khuech dai Avo = 1 • 


OP-AMP co dap tfng tan so" nhtf hlnh 5.2. Thong thifdng dap 
tfng cua tan so cua OP-AMP se suy giam 6dB tfhg vdi moi octave 
hay 20dB moi decade. 



H'mh 5.2 : Dap ting tan so cua OP-AMP 
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* Octave : khoang tan so" tif f den 2f goi la mot octave. Thi 
du: 1kHz den 2kHz la 1 octave. Theo ly thuyet am nhac thi octave 
goi la mot bat do. 

* Decade : khoang tan so" tit If den 1 Of goi la mot decade. 
Thi du: 1kHz den 10kHz la 1 decade. 

Dap tfng tan so hinh 5.2 cho thay d tan so thap (f < 10Hz) thi 
do khuech dai vong hd Avo = 100dB, d tan so f = 1kHz thi do 
khuech dai Avo = 60dB va d tan so f = 1MHz thi do khuech dai Avo 
= OdB (= 1 lan). Nhif vay: f T = 1MHz. 

Neu OP-AMP dung trong mach khuech dai vong kin (khuech 
dai hoi tiep) thi bang thong cua mach se tuy do khuech dai vong 
kin. Tan so cat chinh la tich so cua bang thong va do khuech dai 
vong kin. 

Taco: fj = B.AvF vdi A V] , =— (khong dung dB) 

v, 

Thi du: OP-AMP co f T = 1MHz => 

A vt , 

Neu co Avf= 10 thi B - - 100 kHz 

10 

1 MHz 

Neu co A V f = 1000 thi B =-= 1 kHz 

1000 

Nhif vay, muon md rong bang thong thi phai giam do khuech 
dai hoi tiep va ngbdc lai. 

k) Toe do quel: S (Speed) 

Do quan tinh cua linh kien va anh hirdng cua tu dien bd 
chinh tan so trong mach ma toe do thay doi dien ap ra se khong theo 
kip toe do thay doi dien ap ngo vao - goi la toe do quet. Tdc do quel 
diTdc tinh bang gia tri toi da vdi ddn vj tinh la V/ps, thttdng S = 
lV/ps den lOV/ps. 
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Do hi git'ii han bclfi toe do quet nen doi vdi tin hieu ra nhd se 
co bang thong rong hdn. Khi tin hieu ngo vao co toe do tang ldn hdn 
toe do quet thi tin hieu ra se bj meo dang. Thi du: tin hieu vao la 
hinh sin thi d ngo ra se co tin hieu hinh tam giac. 

2) Cac thong so" ky thu&t cua OP-AMP 741 


- A\jq-. Do khuech dai dien ap vong hef 

lOOdB 

- Z{. Tong trO ngo vao 

1 MQ 

- Z() : Tong trfi ngo ra 

150Q 

- I*,: Dong phan cifc ngo vao 

0,2(jA 

- V smax : Dien ap nguon toi da 

±18V 

- V, max : Dien ap vao toi da 

+ 13V 

- V, mlax : Dien ap ra toi da 

±14V 

- Vj„: Dien ap lech ngo vao vi sai 

2mV 

- CMRR: T3 so nen dong pha 

90dB 

- fp: Tan so cat 

1MHz 

- S : Toe do quet toi da 

0,5V/qs 


§5.3- MACH TICH HOP CUA OP-AMP 741 
1) Sdd 6 mach tich htfp OP-AMP 741 (hinh 5.3) 

OP-AMP 741 dung transistor lifting noi chia ra cac khoi chufc 

nang: 

a) Khoi dau gom cac transistor tif Qi den Q y . Hai transistor 
Q 1 -Q 2 la mach khuech dai vi sai co ngo vao khong dao (chan 3) va 
ngo vao dao (chan 2). Tin hieu ra cua khoi dau tif cifc C cua Q* de 
dtfa sang khoi sau. Qn va Q y la nguon dong dien cho Q1-Q2. Hai 
transistor Qt-Qa la mach gifting dong dien cua Q1-Q2 (Q1-Q2 loai 
NPN, Q3-Q4 loai PNP). Q 5 va la mach gifting dong dien cho Q 6 . 

HI 
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Hai ctfc E cua Q 5 va Q 6 (noi ra hai chan 1 va 5) de chinh OFFSET, 
bu trC/ cho dong di£n lech ngo vao vi sai. 

b) Khoi giffa co hai transistor Q 16 -Q 17 rdp kieu Darlington de 
dieu khien tang cong suat. Q 22 de bao ve qua tai cho Q 16 -Q 17 . 
Transistor Q 21 difdc xem la dien trd tai cua Qn. 



c) Khoi cuoi la khoi khuech dai cong suat rap kieu bo phu vdi Qu 
(loai NPN) va Q 20 (loai PNP) vcli ngo ra la diem giffa (chan 6 ). Q !5 de 
bao ve qua tai cho Q 14 , diod Qi« v<i Q 19 de bao qua tai cho Q 20 . 

Hai transistor Q 12 -Q 13 la nguon dong chung cho khoi giffa va 
khoi cuoi. Q| () va Qh la mach gffdng dong dien de dieu h 6 a giffa hai 
nguon dong cua khoi dau va hai khoi sau. Tu C t = 30pF de chong 
dao dong ttf kich. Do co tu Ci nen toe d<3 quet cua OP-AMP bi giam 
xuong. 
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Mach khuech dai thuat loan 


Chan 7 cua OP-AMP dUUc noi nguon du’cfng, chan 4 difdc noi 
nguon am. Chan 8 la chan dll', khong dung, ky hieu la NC (No- 
Connect). 


2) Ky hi$u va cac hinh dang thong thtftfng 


NC 



OFF- SET 8 



H'mh 5Alr . Vo dang tron 



NC 

+V 

Out 

OFF- SET 
NULL 


Hinh SAc . Vo dang chffnhat dep 

3) Cac phtftfng phap cfin b&ng di^m 0 (chinh OFFSET) 

Be tranh anh hiJdng cua dien ap lech ngo vao vi sai, phai 
dung mach dieu chinh hu truf - goi la phiTdng phap can being diem 0. 

a) Dieu chinh di$n dp bu d mot ngo vao: 

Hinh 5.5 la mach dieu chinh can bang diem O b&ng dien ap 
bu ci ng5 vao vdi cac trj so linh kien tieu bieu. 

Hai cau phan ap 22kQ-lkO de tao dien ap V A va Vb la hai 
dien ap doi xting c6 tri so thap khoang ±0,5V de dieu chinh dtfa vao 
ngo I n ". Neu dien ap ngo ra Vo > OV thi dieu chinh bien trd I OkO ve 
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gan diem A de giam Vo ve OV. Neu di£n ap ngo ra Vo < OV thi dieu 
chinh bien trcf lOkQ ve gan diem B de tang V G len OV. 


v+ v- 



Hinh 5.5 la mach dieu chinh can bang diem O bang dien ap 
bu of ngo van vdi cac trj so linh kien tieu bieu. 


Hai cau phan ap 22kQ-lkQ de tao dien ap V A va V B la hai 
dien ap d6"i xtfng cd trj so tha'p khoang ±0,5V de dieu chinh dba vao 
ngo I n ’. Neu dien ap ngo ra Vo > OV thi dieu chinh bien trd 10kQ ve 
gan diem A de giam Vq ve OV. Neu dien ap ngo ra Vo < OV thi dieu 
chinh bien trd lOkO ve gan diem B de tang Vq len OV. 


b) Dieu chinh bu vdi hoi tiep dm dong dien: 


+V+ 



Hinh 5.6a : Bu bang 
mach hoi tiep am 
dong dien 


vr = iokn 


♦ 

-V 
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Hinh 5Jib \ Mach ttfdng 
dudng cua hinh 5.6a 


Trong set do mach tich hdp co hai transistor Q 5 va Qf, ndi hai 
ctfc E ra chan 1 va 5 de dieu chinh din b^ng diem O nhd nguyen ly 
hoi tiep am dong dien. 

Hinh 5.6a la mach ap dung chinh can bang diem O cho OP- 
AMP 741 bang each dat them bien trd VR = lOkQ giffa hai chan 1 
va 5, diem gitfa bien trd noi vao nguon -V de dieu chinh. 

Hinh 5.6b la mach tudng dtfdng cho thay anh hifdng cua vice 
dieu chinh. Khi dieu chinh bien trd VR tuTc la thay doi Re cua T| va 
T 2 de bu trfjf cho stf mat can bang giffa hai transistor do che tao. 

Cac bien trd trong hai phtfdng phap tren dude dieu chinh sao 
cho khi cl ngo vao co V| =0V thl ngo ra V 0 = OV. 


§5.4- CAC MACH CfNG DUNG Ctf BAN 
1) Mach khuech dai khdng dao 



Hinh 5. 7a : Mach khuech dai khong dao 
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Mach khuech dai khong dao cd dien ap ngo vao V, ndi den 
ngo I n + qua dien trd ngo vao Rj. Ngo I n " nhan tin hieu hoi tiep ttf ngo 
ra qua cau phan ap R 1 -R 2 (hinh 5.7a). 

Do khuech dai hoi tiep (con goi la do khuech dai vong kin) 
dtrpc tinh theo cong thufc: 


Dien trd R, d ngo vao I n + co tac dung on dinh nhiet, tranh 
khong cho dien ap ngo ra troi den trang thai bao hoa. 

Qua bieu thufc tinh Avf cho thay: 

• neu giam R 2 = OQ thi Avf = 1 

• neu giam Ri = OQ thi Ave -> « (thi/c te" thi Avf se tien 
den gidi han la do khuech dai vong hd cua OP-AMP). 

Mach khuech dai khong dao cd tfu diem la tong trd vao rat 
Idn. Theo ly thuyet: tong trd vao la tich so tong trd vao cua OP- 
AMP trong mach vong hd (Z| = 1MQ) nhan vdi tl so" cua do lpi vong 
hd tren do ldi vong kin. 

Z‘, = Z,^ 

A \r 

Tri so Z| cd the len den hang tram MQ. 

Trong phan gidi thieu cac thong so dcic tntng cua OP-AMP, 
vdi tan so cat fj nhat dinh, neu A v f cang ldn thi bang thong B cang 
hep va n glide lai. 

6 day ta cving thay, neu Avf cang ldn thi Zi cang thap va 
ngiroc lai. 

Dien trd ngo vao R t thtfcfng dtfdc chon cd tri so": 

R, =R ] //R 2 
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2) Mach khu£ch dai dao (hinh 5.7b) 

Mach khuech dai dao co dien ap ngd vao Vj noi den ngo I n ' 
qua dien trcl ngo vao R| = Ri. Didn trd R 2 la dien trd hoi tiep am (con 
goi la R|). Dien trd Rj noi ngo I„ + xuong mass co tac dung on djnh 
nhiet, tranh khong cho dien ap ngd ra troi den trang thai bao hoa. 


Ri= Ri R 2 = Ri 



Hinh 5.7b : Mach khuech dai dao 

Do OP-AMP co tong trd vao rat ldn nen dong dien ngd vao i| 
rat nhd. Ngd I n + cd Ri noi mass nen co dien ap Vj n + = OV. Ngd I„’ co 
dien ap chenh lech vdi ngd I n + rat nhd nen V in = OV va ngd l n dUdc 
xem nhifdiem mass gia. 

Do tin hieu V, vao ngd I n ' nen tin hieu ra Vo se co didn ap 
ngiTOc dau. Neu Vj > OV thi V G < OV va ngtldc lai. 


Theo hinh 5.7, dong dien ii qua R| di tCf ngoai vao la do Vj > 
OV. Nhi/ vSy, dien ap V 0 < OV va dong dien i 2 se di tCf ngd I n qua R 2 
den ngd ra. Thut te dong i| chinh la dong dien i 2 => i| = i 2 . 


Hal dien trd R| va R 2 tao thanh cau phan ap cd diem gitfa la 
ngd I n ‘ vdi dien ap V in ' = OV. 


Suyra: /, = y 


va - - 


R, 

(vi i,= i 2 ) 
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Do khuech dai h6i tiep dtfdc tinh theo cong thtfc: 




A A 


. A R, 

hay A,,. 

K i 


Qua bieu thtfc tinh A V f cho thay: 

• neu giam R 2 = R| thi Avf = -1 

• neu giam R| = OQ thi Avf —* <x (thtfc te thi Avf se tien tdi 
gidi han bao hda la do khuech dai vong hb Avo)- 

Khi thay doi tri so" Rj se lam thay doi tong trd ngo vao, khi 
thay doi tri so R 2 chi lam thay doi do khuech dai con tong trd vao 
khong doi. Tuy nhien, gia tri R 2 phai dtfdc chon trong gidi han cho 
phep. Neu chon tri so R 2 qua nho, d6ng ngd ra cua OP-AMP se vtfdt 
qua tri so Iomax vi dong ngd ra la dong ra tai va dong hoi tiep qua R 2 . 
Neu chon R 2 cb tri so qua lbn thi mach khuech dai de bi nhieu va 
khong on dinh. 

Thong thtfbng R 2 dtfdc chon trong khoang 2kQ den 2MQ. 
Dien trb on dinh nhiet R 2 thtfbng chon co tri so: 

R, = /?, // R 2 


Trong mach khuech dai dao hinh 5.7b, tong trb vao cua 
mach Zj chinh la R t (vi ngd I n ' dtfdc xem la diem mass gia). Muon 
tang tong trb vao Z, thi phai tSng R|, dieu nay se lam giam do 
khuech dai hoi tiep Avf- 

De co tong trcf vao cua mach Z| Idn ma do khuech dai hoi 
tiep van ldn, cd the dung mach khuech dai dao theo scJ do hinh 5.8. 

Cong thtfc tinh do khuech dai hoi tiep cua mach hinh 5.8 la: 
R-. Ry + R 4 


Ar = 
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R2 1M 



Hinh 5.8 : Mach khuech dai dao co tong trcf vao Z\ ldn 
Vdi cac trj so dien trd trong mach, do khuech dai la: 

Avf = _ 100 

Dien trd Ri = 1MQ nen tong trd ngo vao Z| van co trj so ldn. 

3) Mach I§p hay mach dem (hinh 5.9) 

Mach lap la mach khuech dai khong dao co do khuech dai 
Avf = 1- Trong mach nay, tin hieu vao di/a den ngo I„ + , ngo I n ' dtfcfc 
noi trifc tiep den ngo ra. Nhuf vay, dien ap hoi tiep Vf bang dien ap 
ra V 0 (mach hoi tiep am 100%). 




Do khuech dai hoi tiep la: A., = — = 1 

V, 

Tong trd vao cua mach la: 
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Zi 


= Z, 


^ = Z,.A 

A n . 


to 


(rat ldn = vai tram Mfl) 


Trong mach lap AC co tu lien lac C 1 -C 2 de each ly dien ap 
mot chieu gitfa cac khoi. Dien trd 1MQ d ngo l n + noi xuong mass co 
tac dung on dinh nhiet cho OP-AMP va de tao dong nap xa cho tu 
C|. Do co dien trd 1 MQ nen tong trd vao se giam va bang 1 MQ. 


Dac diem cua mach la tong trd vao rat ldn, tong trd ra rat nho (= 
vai Q) nen mach lap dtfdc dung lam mach doi tong trd tuf ldn ra nho. 


4) Mach tao l^ch pha (hinhS.lO) 

Hai OP-AMP (1) va (2) la hai mach khuech dai dao co do 
khuech dai hoi tiep bang 1 . 

AvFI = Avf? = 1 



Hinh 5A0; . Mach tao tin hieu dao pha 

Do trong mach co dien trd ngo vao R, = R| = R 4 = lOOkQ va 
dien trd hoi tiep Rf = R 2 = R 5 = lOOkQ nen dien ap ra dao dau 
nhrfng co cung bien do vdi dien ap vao. 

Nhd vay, dien ap ra V 0 | dao dau vdi Vj, dien ap ra V ( ,2 dao 
dau vdi V t) | nen V„ 2 cung dau vdi Vj. Dien ap ra V„i va V o2 la hai 
dien ap ra cung bien do nhifng dao pha can bang. 
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Chtfcfng 5 


Mach khuech dai thuat toan 


§ 5.5 CAC ph£ p toan cd bAn 

1) Mach cong (hinh . 11 ) 



Hlnh 5.11 : Mach c 6 ng dao pha 

Be thirc hi£n phep cong nhieu tin hi^u thl OP-AMP co nhieu 
dien trd d ngo vao noi chung vao ngo I n ' hay I„ + . Neu cho vao ngo 
I n ' la mach cong dao dau, cho vao ngo I n + 1 & mach cong khdng dao 
dau. 

Bien trd R 4 la dien trd hoi tiep, dien trd R 5 on dinh nhidt cho 
OP-AMP. Neu xet rieng tijfng ngo vao, moi dien trd chng vdi R 4 tao 
thanh mach khuech dai dao vdi do khuech dai dien ap hoi tiep la: 



Khi cung luc cd tin hie;u vao ca 3 ngo, cac dong dien <3 moi 
ngo vao deu qua dien trd hoi ti£p. Vi vay, dong qua R 4 chinh la tong 
cua 3 dong dien vao ctia Ri - R 2 va Rj. 

Bien ap ra difdc tinh theo cong thtfc: 

K>=v m +K>2+v m 
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Mach Tifdng Ttf 


Nguyen Tan Phifdc 


v ——V ^ 4 y y 

° 71 R t 12 R 2 n R j 

V V V 

V() =-R^ + ^ + ^±-) 

° 4 /?, i? 2 V 

D6 ldi di£n ap cua mach vln difdc tfnh theo cong thtfc cua 
mach khuech dai dao la: 


Ar = ~ 


A_ 

R, 


(Rf = R 4 ) 


& cac ngo vao thtfcJng chon: R, = R 2 = R 3 = R| 

Neu chon: R 4 = Ri = Ri = R 2 = Rj va chon: R 5 = Ri // R 2 // R 3 
// R 4 th'i mach co do khuech dai dien ap lit 1 vH dien ap ra la: 

V 0 = -(V 1( +V I2 + V 13 ) 

Sc) do mach hlnh 5.12 1& mach cong khong dao dau. Cau 
phan ip R 3 - R 4 li mach hoi tiep tCf dien ap ra V 0 trcf ve ngo I„\ 

Xet rieng tttng ngo, do khuech dai hoi tiep cua mach van la: 

^ + R* 


Ar = 


Ri 


Khi chi co ngo vao V| ( (V[ 2 = 0) thi Rj-R 2 la cau phan ap <5 ngo 
vao nen di$n ap tac dung len ngo I n + lii: 


y,=K, 


R 1 + R7 


(R 2 xem nhi/noi mass) 


Khi chi co ngo vao V| 2 (Vn = 0), di$n ap tac dung len ngo I n J 


la: 


K=v, 


R, +R- 


(Ri xem nhtf noi mass) 
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Chddng 5 


Mach khucch dai thuat toan 


Khi cung luc co ca hai tin hieu V n va V i2 thi dien tip <i ngo 



Hinh 5.12 '. Mach cong khong dao dau 


Dien ap 3 ngo ra la: V a = V, A n , 

v R y + R * 

° R t + R 2 ' R 2 

Trifdng hdp co 3 tin hieu cOng vao ngo I n + thi cong thtfc tinh 
dien ap ra se phtfc tap hdn. 

2) Mach trfif (hay mach khuech dai vi sai) 

Mach trif co hai tin hieu vao d hai ngo I n + va I„ . Dien ap ra ti 
le vdi hieu so diSn ap cua hai tin hieu vao nen mach co chtfc nang 
thut hien phep trtf. 


R1 R2 

Vil 
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Mach Tifcing T\J 


Nguyen Tan Phirflc 


q. "> Jt ' 

O ngo vao I„\ hai dien trd R r R 2 tao thanh mach hoi tiep cho 
mach khuech dai dao la - R 2 /Ri. 

CJ ngo vao I n + , hai dien trd R3-R4 tao thanh cau phan ap lam 
giam di$n ap vao OP-AMP theo ti le: 


V - V 
r 1 y 12 


R* 


Ry + r a 


TrUdng hop nay la mach khuech dai khong dao vdi clu phan 
ap R, R 2 la mach hoi tiep ve ngo I n '. Do khuech dai khong dao '*• 

_R,+R 2 

A n■ ~ 


R. 


Neu xet rieng tOfng ngo vao, dien ap ra cho ngo vao I„' la: 

V = V (-—) - -V — 

( " 71 ( V n /?, 

Dien ap ra cho ngo vao I„ + la: 


hai dien ap tren: 


Hay: 


V -V 
'o v n- 

V -V 
'o y n- 



R\ + Ry 

R} + R A 

R t 

tin hieu 

vao ca 2 

+ K>i 


R } + R 2 

Ry + ^4 

R> 

ft, + R 2 

3±_y . 

Ry + R^ 

R \ n 


Rj_ 

R, 


1 (K) 


Chi/tlnc 5 


Mach khucch dai thuat toan 


Tuy theo yeu cau ve do khuech dai co the chon tri so cac 

R R 

dien tret nhtfng phai theo dieu kif n la: —- = —- 

Vdi dieu kien tren do Idi dien ap cua mach la: 

A 

" *, *, 

Dien ap ra cua mach trir diftfc tinh theo cong thtfc: 

Vo=(V n -v n ).^ 

K \ 

3) M$ch tich phSn (hinh 5.14) 

11 R1 1 r ?? 

V, 

Hinh 5. /4 : Mach tich phan dao 

Mach tich phan co tin hieu vao ngo dao I„\ mach hoi tiep tif 
ngo ra ve ngo I n ‘ la tu C. Dien trd R| la dien trd nap xa cua tu, dien 
tret R. 2 on djnh nhiet cho OP-AMP . Thi/dng chon: Ri = R> = R. 

Do tinh chat cua OP-AMP nen dong dien I| vao OP-AMP 
xem nhifbang 0, diem I n xem nhif diem mass. Ta co: 
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Mach TiTdng TlT 


Nguyen Tan Phude 



Dong If la dong nap vao tu nen: 1 f , = ~C —— 

dt 

V dV 1 

Suyra: — =-C—— => dV (} = - V,dt 

R dt RC ' 

Lay tich phan ta c 6: V n = jV, .dt 

RC chinh la hang so theJi gian nap xa cua tu C. Dau trijf trong 
cong thtfc la do mach dao dau. 

Do dac tinh nap xa cua tu dien, khi ngo vao co tin hieu dang 
xung vuong th'i d ng5 ra se co tin hieu dang rang cura hay tarn giac 
va n glide dau. 

Mach tich phan se difdc phan tich ky hdn trong chudng 
“Mach loc”. 

4) Mach vi phan (hinh 5.15) 

Mach vi phan co tin hieu vao ngo dao I n ' qua tu C, mach hoi 
tiep tir ngo ra ve ngo I„‘ la dien trd R (each lap RC ngirdc lai vdi 
mach tich phan). Dien trd R| noi ngo 1„ + xuong mass de on djnh 
nhiet cho OP-AMP. 


l| Cl If 



Hinh 5.75 : 
Mach vi phan 


102 



Chddng 5 


Mach khuech dai thuSt to£n 


Do tmh chat cua OP-AMP, dong di^n viio J| = 0 nen I| = If 


Dong dien I| la dong nap qua tu C dtfdc tmh theo cong thtfc: 

dV, 


/, =C 


dt 


Do ngo I„‘ xem nhtf diem mass nen dong dien hoi tiep la: 


' R' 


Suy ra: 




dt 


V n =-RC 


R 

dVj_ 

dt 


RC chinh la hang so thdi gian nap xa cua tu C qua R. Dau truf 
trong cong thtfc la do mach dao dau. 

Do dac tmh nap xa cua tu, khi ngo vao co xung tarn giac thi 
ng5 ra co xung vuong va ngtfdc dau. 

5) Mjich khuech dai phi tuyen (semi-iog) 

Cac mach tren la cac mach khuech dai tuyen tmh. Mach 
khuech dai phi tuyen co dien ap ra ti le vdi dien ap vao theo ham 
logarit nhd mach hoi tiep phi tuyen dung diod (diod co dong dien 
thuan ti 16 logarit vdi dien ap dat vao chan AK). 

Trong mach dien hinh 5.16, dtfdng hoi tiep la hai diod silicon 
mac song song ngifdc chieu. Khi diod co dien ap V D = OV, diod co 
noit trd rat ldn nen co do ldi cao. Khi co dien ap vao ldn, diod cd noi 
trd nhd nen co do ldi bi giam nho. 

Dien trd R* on dinh nhiet cho OP-AMP. Thifdng chon R]=R 2 - 

Dien ap ra dtfdc tinh theo cong thtfc: 

V 0 = -301og(V|) 
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Hinh 5.16 : Mach phi tuyen 


Neu didn ap tin hidu vao c6 dang hinh sin thi tin hieu ngo ra 
co dang gan nhtf vuong. 

§5.6- MACH TAO XUNG DUNG OP-AMP 

1) Mach Flip-Flop dung OP-AMP 

Mach F/F dung OP-AMP nhtf sd do hinh 5.17, co hai OP- 
AMP tarn viec nhtf hai mach khuech dai so sanh. OP-AMP se d 
trang thai bao hoa dtfdng neu co: 

V ( + >Vr =>Vo = +V cc 
hay d trang thai bao hoa am neu cd: 

Vf >V, + => Vo = + 0V 

Gia thiet mach cd trang thai nhtf hinh ve vdi Voi = +V C c va 
V O2 =0V. 

OP-AMP © difdc hoi tiep tit V 0 2 = OV ve ngo In' qua dien 
trd lOkQ nen van co V| + > V| va Vot = +Vcc on dinh. 

OP-AMP © dude hoi tiep tir V 0 i = +Vcc ve ngo In' qua dien 
trd lOkQ (lOkQ « lOOkQ) nen van co Vf > V, + va V 0 i = OV on 
d|nh. 
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Chudng5 


Mach khuech dai thuat toan 



trang thai bang xung am 


Day la trang thai on dinh thuCnhat cua mach F/F, OP-AMP © 
<3 trang thai bao hoa dtfdng va OP-AMP © & trang thai bao hoa am. 
De doi trang thai cua F/F, cho cong tac S noi v^o ngo In' cua OP- 
AMP © dang bao hoa am. Ltic do, Vf = OV va V| + >Vf nen OP- 
AMP © chuyen sang bao hoa dudng, V 02 = +Vcc qua dien trd hoi 
tiep 10K se lam doi trang thai cua OP-AMP © tir bao hoa dtfdng 
sang bao hoa am vi luc do OP-AMP © co Vf > V| + . 

Luu y : Dien trd hoi tiep phai co tri so" kha nh<3 so vdi dien trd 

noi ngo In + len nguon +Vcc- 

Cong tac S co diem chung noi mass xem nhtf xung am kich 

dieu khien F/F. Cong tac S co the noi len nguon +Vcc qua dien trd 

de kich doi trang thai cua F/F nhit xung dtfdng kich dieu khien F/F. 
Trtfdng hdp nay xung dudng phai dtfdc dtfa vao OP-AMP © dang 
bao hoa dudng. Sd do hinh 1.18 la mach F/F doi trang thai bang 
xung dtfdng. 
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Mach Tudng Tyf 


Nguyen T3'n Phifdc 


Nhur vay, de doi trang thai cua F/F co the dung m6t trong hai 
phtfdng phap sau: 

- Cho xung am (hay mtfc dien ap lhap) vao ngo In" cua OP- 
AMP dang bao hoa am. 

- Cho xung dudng (hay mtfc dien ap cao) vao ng5 In" cua 
OP-AMP dang bao hoa dtfdng. 



trang thai bang xung am 

2) Mach Flip-Flip h6i ti£p b£ng diod 

Mach Flip-Flop hinh 5.19 dung hai diod D 1 -D 2 de nhan xung 
kich cf ngo vao va hai diod D3-D4 de lay dien ap hoi tiep. 

Mach Flip-Flop hinh 5.19 dung hai diod D 1 -D 2 de nhan xung 
kich d ngo vao va hai diod D3-D4 de lay dien ap hoi tiep. 

Gia stf mach dang co trang thai on dinh nhtf hinh ve, OP- 
AMP © dang bao hoa dtfdng, V 01 = +Vcc ; OP-AMP © dang bao 
hda am, V 0 2 = OV. 
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Chu'dng 5 


Mach khuech dai thuat toan 



Tri/dng hdp nay neu cho xung am van ngo cua OP-AMP 
dang bao hoa am thi diod Dj hi phan cifc ngifdc nen xung am khong 
tac dong dude vao mach F/F va mach khong doi trang thai. 

Muon doi trang thai cua mach F/F phai cho xung dufdng vao 
ngo Vn cua OP-AMP dang bao hoa dtfdng. Ldc do, diod D| dddc 
phan ctfc thuan se cho xung dddng vio mach F/F va lam mach doi 
trang thai. 

Nhuf vay, khi suf dung diod nhif hinh 5.19 thi 2 mach F/F chi 
con mot each kich doi trang thai la cho xung dildng (hay mure dien 
ap cao) vao ngo In" cua OP-AMP ® dang bao hoa ddcfng 

3) Mach dao dong tich thoat 

a) Nguyen ly: 

Mach dien hinh 5.20 la sd do mach dao dong tich thoat dung 
OP-AMP de cho ra tin hieu vuong. 
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Mach Ti/dng Tif 


Nguyen Tan PhiTdc 


Sd do co hai mach hoi tiep ti t ngo ra ve hai ngo vao. Cau 
phan ap RC hoi tiep ve ngo In“, cau phan ap R 1 -R 2 hoi tiep ve ngo 
In*. 


R 



Vq - +Vcc 


Hinh 5.20 : Mach dao dong tich thoat 

Be giai thich nguyen ly mach, ta gia suf tu C chifa nap dien va 
OP-AMP dang d trang thai bao hoa diidng. Luc nay cau phan ap R|- 
R 2 dtfa dien ap difdng ve ngo In* vdi mure dien ap la: V G = +V C c- 

V '« =+Vrc ¥T^ =V ‘ < V i" >0V > 

K t + K 2 

Trong khi do, d ngo In" cd dien ap tang dan len tCr OV, dien 
ap tang do tu C nap qua R theo qui luat ham mu vdi hang so theti 
gian la x = RC. 

Khi tu nap va co thi OP-AMP van d trang thai 

bao hoa difting. Khi tu C nap den mtfc dien ap V“ > V*, thi OP- 

AMP doi thanh trang thai bao hoa am, ngo ra co V 0 = -V cc . Luc 
nay, cau phan ap R 1 -R 2 dtfa dien ap am ve ngo In + viti mtfc dien ap 

la: 

V »=- Vk 7TF =V! (V*„<OV) 

K\ -r K2 
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Chifdng 5 


Mach khu£ch dai thuat toan 


Trong khi do, ngo In' van con dang d mtfc dien ap dtfdng vdi 

tr| so V,' > +V CC --— do tu C dang con nap di£n. Nhtf vay, OP- 

^1 + R 2 

AMP se chuyen sang trang thai bao hoa am nhanh cho canh vuong 
th^ng dtfng. Tu C bay gift se xa dien ap dtfdng dang nap tren tu qua 
Ri va tai <5 ngo ra xuong mass. 

Khi tu C xa dien ap dtfdng dang co thi V* van d mtfc dien 

ap am nen OP-AMP van cl trang thai bao hoa am. Khi tu C da xa het 
dien ap dtfdng se nap dien qua R de co dien ap am do ngo ra dang d 
trang thai bao hoa am, chieu nap dien bay gid ngtfdc vdi chieu dong 
dien nap tren hinh ve. 


Khi tu C nap dien ap am den mufc V in < (ngo In nho hcln 
ngo In + ) thi OP-AMP lai doi thanh trang thai bao h6a dtfdng ve ngo ra co 

V 0 = +V CC - 

Mach da trd lai trang thai gia thiet ban dau va hien ttfdng 
tren ctf tiep dien lien tuc tuan hoan. 

b) Dang song d cdc chan : 

Mtfc gidi han dien ap ngo ra la: 

Vomax = +VcC Va Vomm = ~VcC 


Mtfc gidi han dien ap d hai ngd vao la : 

R, 


V A = +V C c 


R. + R, 


va V« = -V 


R. 


cc 


R, + R. 


Dang dien ap d ngo In' la dang tarn giac. Thdi gian dien ap d 
ngo In' tang ttf Vb len V A la thdi gian OP-AMP bao hoa dtfdng, thdi 
gian dien ap ngd In" giam ttf V A xuong V B la thdi gian OP-AMP bao 
hoa am. Dang dien ap d ngo In + va ngo ra la trang thai xung vuong 
doi xtfng. 
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Mach Ttfdng Ttf 


Nguyen Tan Phirdc 




Chu’dng 5 


Mach khucch dai thuat toan 


=> f = 


1 

2,2. R.C 


c) Mach doi tan sot 

Theo cong thufc tinh chu ky va tan so dao dong nhif tren ta co 
the doi tan so dao dong bilng cac phtfdng phap sau : 

• Thay doi ti so cau phan ap mach hoi tiep difdng (R| va Ri) 

• Thay d6i tri so dien trd R hay tu C trong mach hoi tiep am. 

Tan so cua mach dao dong tinh thoat hinh 5.22 dtfdc tinh 
theo cong thtfc: 


T=2(R + VRi) C.ln 


R t +2(R 2 +VR 2 ) 



Hinh 5.22 : Mach dao dong tich 
thoat doi tan so 



Hinh 5.2J : Mach dao dong tich 
thoat doi chu trinh lam viec 


d) Mach doi chu trinh lam viec: 

Trong sd do mach dao dong tich thoat cd ban diing OP-AMP, 
tu C nap dien va xa di6n deu qua dien trd R nen hang so" thdi gian 
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Mach Tu'dng Tif 


Nguyen T5n Phiftfc 


nap va xa b&ng nhau. Bieu n^y c6 nghTa 1& thdi gian xung vuong co 
dien ap cao va cd dien ap thap dai bang nhau. Xung vuong ra la 
xung doi xtfng co chu trinh lam viec la B = 50%. 

Be thay doi chu trinh lam viec, mach dao dong rich thoat cd 
sd do nhtr hinh 5,23, bien trd VR se lam thay doi thefi gian nap va 
thefi gian xa cua tu theo hai hirdng ngifdc nhau, nen t3ng thcJi gian 
nap se lam giam thdi gian xa va ngifdc lai. 

Khi tu C nap dien ap dudng, tif ngo ra se nap qua dien tret R, 
bien trd VR (phan dtfdi) va qua diod B 2 . Khi tu C xa dien ap dirong 
va sau dd nap dien ap am se xa qua R, bien trd VR (phan tren) va 
qua diod Dj. 

Khi dieu chinh bien trd VR chi lam thay doi chu trinh lam 
viec ma van giff nguyen tan so dao dong. 

4) Mach tao xung vudng va tam giac 


R 3 



Hinh 5.24 : Mach tao xung vuong va tam giac 

Mach dao dong rich thodt cd ban tao xung vuong doi xdng d 
ngo ra. Neu ket hdp mach tich phan tich ci/c dung OP-AMP thi 
mach cd the cho ra xung tam giac. 




Chifdng 5 


Mach khuech dai thuat toan 


OP-AMP ® la mach dao dong tich thoat de tao xung vuong 
theo nguyen ly tren. Xung vuong dtfdc lay tren bien trd VR] de thay 
doi bien do ngo ra. 

OP-AMP © la mach tich phan tich ctfc nhan xung vuong tif 
ngo ra cua OP-AMP ® doi thanh dang xung tam giac. Xung tarn 
giac du"dc lay tren bien trcf VR 2 de thay doi bien do ngo ra. 


§5.7- HAI TRANG THAI BAO H6A CUA OP-AMP 

1) Hai trang thai bao hoa cua OP-AMP 

De thdc hien chdc nang chuy^n doi trang thai cua mach, 
ngoai transistor, co the dung OP-AMP nhd vao 2 trang thai bao hoa 
cua no trong mach khuech dai so sanh. 



Hlnh 5.25 : Mach khuech dai so sanh 

Sd do hinh 5.25 la mach khuech dai so sanh cd ban dung hai 
nguon doi xdng +V C c- Dien ap vao ngo khong dao (ngo +) goi la V| + 
va dien ap vao ngo dao (ngo -) goi la Vf. 

Tuy thuoc dien ap d hai ngo n&y so vdi nhau ma OP-AMP se 
d mot trong hai trang thai sau: 

Neu: Vj + > V; - thi V 0 = +Vcc la trang thai bao hoa dtfdng 

Neu: Vf > Vf thi Vq = -V C c goi la trang thai bao hoa am. 
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Mach Tifdng Tit 


Nguyen Tan Phtfdc 


Trong thUc te mach khuech dai so sanh se nhSn mot dien ap 
d ngo vao V[ de so vdi dien ap chuan V R . TDy theo yeu cau cua moi 
mach ma ta cho dien ap ngo vao V| vao ngo dao hay ngo khong dao 
va di^n £p chuan V R vao ngo con lai. 

a) Dien dp V / d ngo dao, di$n dp chuan Vr d ngo khong ddo: 



Hinh 5.26a\ Mach so sanh Hlnh 5-26 b: Dien ap ra V 0 theo 

dien ap vao V] 


Theo sd do, mach so sanh hinh 5.26a co dien ap ngo vao V[ 
difa den ngo dao de so vdi dien ap chuan V R d ngo khong dao. 

Ham truyen dat cua mach hinh 5.26b, theo do, neu Vi < V R 
(hay V|“ < V| + ) thi Vo s +Vcc va ngtfdc lai neu V[ > V R (hay Vf > 
V, + ) thi Vo = -Vcc. 

b) Dien dp V/ vao ngo khong ddo, Vr vao ngo ddo : 

Mach so sanh hinh 5.27a co each cho dien ap vao ngii’dc lai 
vdi mach so sanh hinh 5.26a nen co ham truyen dat ngUWc lai nhtf 
hinh 5.27b. Neu V, < V R (hay V, + < Vf) thi V 0 s -Vcc. ngtfdc lai, 
neu V| > V R (hay V ( + > Vf) thi V 0 s+Vcc- 
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ChUdng 5 


Mach khuech dai thuat todn 




Hinh 5.27a : Mach so sanh Hinh 5/2Jb '• Bien ap ra V(> theo 

dien dp vao V] 

Hai trang thai ngat va dan bao hoa ciia transistor hay hai 
trang thai bao hoa difdng va bao hba am ciia OP-AMP dtfdc dung de 
cho ra hai dien ap mdc cao va mure thap tao ra tin hieu xung dien. 


§5.8- CAC LfNG DUNG KHAC CUA OP-AMP 

OP-AMP con rat nhieu iftig dung trong cac lTnh vtfc khac 
nhau nhtf: 

- Mach lpc tich cdc (ket hdp R-C) 

- Mach dao dong tao tin hieu hinh sin 

- Mach on ap (ket hdp vdi diod Zener) 

- Mach dong ngat dieu khien rd-le. 




CHLfdNG 6 


MACH TICH PHAN - VI PHAN - MACH PID 

§6.1- MACH TICH PHAN 

1) Mach tich ph£n dao (hinh 6. 1 ) 

Mach tich phan co tin hieu vao ngo dao I n ", mach hoi tiep t£r 
ngo ra ve ngo I n la tu C. Dien trd R'i la dien trd nap xa cua tu, dien 
trd Rj on djnh nhiet cho OP-AMP. Thtfdng chon: R| = R? = R. 



Hinh 6J_ : Mach tich phan dao 

Do tinh chat cua OP-AMP nen dong dien I| vao OP-AMP 
xem nhu’bangO, diem I n ‘ xem nhddiem mass. Ta co: 

1 R 

(IV 

Dong I F la dong nap vao lu nen: 1 F - -C —— 

dt 


Suyra: H = 

R dt 


dV Q = — —V.dt 
° RC ‘ 


Lay tich phan ta co: V () - ~~~ J V t dt 
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Chtfdng 6 


Mach tich phan - vi phan - PIP 


RC chinh la hang so thdi gian nap xa cua tu C. Dau truf trong 
cong thtfc la do mach dao dau. 

Neu v, la dien ap xoay chieu thi: 


v 


O 





v 

i max 

caRC 


cosco t 


Nhtf vay, bien do dien ap ra v„ ti le nghjch vdi tan so a>. Dac 

luyen bien do theo tan so" cua mach tich phan la: A = —- = f(o>) co 

v , 

do doc -6dB/ Octave (xem chu'dng 7 “Mach loc”). 

2) Mach tich phan khong dao 


R, 



High 6.2: Mach tich phan 
khong dao 


Xet cl ngo vao khong dao (I„ + ): 


v. - v. 


V. - V 


-C 


dv; + 


= 0 


R R dt 

Theo sd do va do tinh chat cua OP-AMP ta c6: 


v — —v 

, 2 o 


va 


vr = v+ 
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nen: 


1 1 RC dv ( 

v — —v +v — - v — -x- 5 

' 2 ° ° 2 0 2 dt 


RC d v, 

V — - X - 5 

' 2 dt 

. RC . 

v, dt --dv, 

2 


V o = 


RC 


f v - dt 


3) Mach tich ph£n ti I# PI (Proportional Integrated) 

Trong lTnh vtfc dieu khien ngtfdi ta thitffng suf dung mach tich 
phan ti le (PI). Mach PI co sd do nhtf hinh 6.3, dien ap ra difdc tinh 
theo cong thtfc: 

v 0 =Av,Bjv,dt (I) 

Do tinh chat cua OP-AMP nen v," = v ; + = OV. 

Dong dien vao tCr nguon tin hieu Vj la ij se tao ra dien ap tren 
dien trd R 2 va tu C la: 


R 


V 2 = 


va v, = —-— [v,dt 
c R, C J 1 



Hinh 6.3: Mach tich phan ti le 


R 


Do V|‘ = OV nen: -v n = —- v. +- fv dt (2) 

° R ‘ R, C J 1 
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Mach tich phln - vi phln - PIP 


Gia thiet: 


V, = V lm „ .COSCOt 

i i max 


R v 

Suyra: - v n =—- v. a cos ton-sin cat 

R, <oR,C 


(3) 


Xet ba bieu thtfc (1), (2) va (3) ta thay day la ba bieu thtfc 
R 1 

cung dang vdi: A = —- , B = 


R, 


R, C 


Tit bieu thtfc (3), co the tinh dtfdc ham truyln cua mach PI la: 
_ 1 


k| = — = 

1 V : R 


R i 2 + ^“T 
2 co 2 C 2 

1 


1 |co 2 R 2 2 'C 2 +l 


R 


Xet tan so dSc biet: ca 0 = 


R 2 C 


=> R,= 


co 2 C 2 

1 


(o 0 C 


Khi cd co « co A (f « L.) thi Ik| = — x ——, dSc tuyen bien 
0V ° R, coC ' 

do tan so' cua mach co do doc -6dB/octave. Kho^ng tan so nily mach 
co tdc dung nhir mach tich phan (ky hieu la vung I do chi? Integrated 
= tich phan). 



Hinh 6A. : Gian do Bode cua mach PI 



Mach Tifcfng Td 


Nguy5n Tan Phiftfc 


R 

Khi co co » co 0 (f » f 0 )thi |k| = —^ (h&ng so), dac tuyen 

R, 

bien do tan so cua mach co tinh chat nhtf mach khuech dai (ky hieu 
la vhng P do chi? Proportional = ti le) 

Khoang tan so d giffa la vilng chuyen tiep. 

Gian d6 Bode tren hinh 6.4 cho thay hai vung I va P. 

§6.2-MACH VI PHAN 

1) Mach vi phfin erf ban (hinh 6.5a) 

Mach vi phan co tin hi£u vao ngo dao I n ' qua tu C, mach hoi 
tiep ttif ngo ra ve ngo I n la dien trd R (each l£p RC ngtfdc !ai vdi 
mach tich phan). Dien trd R| noi ngo I„ + xuong mass de on dinh 
nhiet cho OP-AMP. 

Do tinh chat cua OP-AMP, ddng dien vao I[ = 0 nen Ii = Ip. 



Hinh 6.5a : Mach vi phan 


Dong dien I ( la dong nap qua tu C drfdc tinh theo cong thtfc: 

dV, ' 


/, = c. 


dt 
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Mach tich phan - vi phan - PIP 


Do ngo xem nhir diem mass nen dong dien hoi tiep la 


' R 


Suy ra: 


C 


.dK 

dt 


Vo = -RC 


r _o 

R 

d l±. 

dt 


RC chinh la hang so thdi gian nap xa cua tu C qua R. Dau truf 
trong cong thut do mach dao dau. 

Gia suf ngo vao co: V| = V| ma)( .sinoit 


Ngo ra co: v„ = -RCfflV| max .coscot = - V 0m ax.cos cot 


vdi: v imlax = RCmv.nux 

Do do, do khuech dai cua mach vi phan la: 
|K| = RC(0 


Do khuech dai K tang theo co nen d3c tuyen bien do/tan so 
cua mach co dp doc 6dB/Octave. Vi do khuech dai cua mach ti le 
vdi tan so nen nhieu tan so cao d ngo ra cua mach nay rat ldn. 

Do ngo vao co tu Ci nen tong trd vao Z ( = —-— se giam 

jcoC 

xuong khi tan so tang. Dieu nay lam bien do tin hieu vao bi giam nho. 


Do cac nhifdc diem tren, mach vi phan diTdc cai tien theo sd 


do 6.5b. 


De giam nhieu tan sd cao, dien trd R| dUdc mac noi tiep 
them d ngo vao. Nhtf vay, mach chi co tac dung vi phan khi lam 

vide d tan so' thap vdi co « ©o = —-—. Tu C 2 ghdp song song dien 

R, C, 

trd hoi tiep R 2 dufdc chon sao cho d tan sd co, C 2 xem nhtf hd mach. 
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Hinh Mach vi phan cai tife'n 


Tu C 2 song song mach hoi tiep nen d tan so cao co dung 
khang rat nho nen se tang tac dung hoi tiep am do'i vdi tan so cao de 
giam nhieu. 


Neu chon tri so linh kien sao cho: R|C| = R 2 C 2 thi khi lam 



tuyen tan so trong khoang tan so nay c6 d$ doc -6 dB/octave. 


log k 



Gian do Bode cua mach vi phan cai tien co dang nhir hinh 
6.6, trong do, khoang tan so' co < <o 0 (f < f 0 ) co do doc +6 dB/octave 
goi la vung D (do chi? Differential = vi phanl la vung vi phan, 
khoang tan so 0 ) > ©0 (f > f<>) co do doc - 6dB/octave goi la vung I 
(do chi? Integrated = U'ch phan). 
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Mach tich phan - vi phan - PIP 


Bien ap ra v n dtfdc tinh bdi bieu thtic: 


V„ =-R 2 C, 


d v, 

~dT 


§6.3- MACH VI TICH PHAN TI LE PID 


Mach vi tich phan ti le PID (Proportional Integrated 
Differential) diMc dung rong rai trong linh vtfc dieu khien de md 
rong pham vi tan so dieu khien, t&ng tinh on dinh cua he thong dieu 
khien trong mot dai tan rong. 

1) Mach PID erf ban 

Xet diem I d ngo vao dao, ta co phrfdng trinh dong dien nut: 


v d v 

-^- + C, — L + i, = 0 


R 


dt 


( 1 ) 



Xet d ngo ra, ta co phrfdng trinh dien 3p la: 


V 0 = R 2 j 2 



( 2 ) 


Tuf phurfng trinh (1) suy ra: 


>2 = " 


v, dv. 
-^ + C 
R, 


dt 


(3) 
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Thay (3) vac phiTdng trinh (2) ta c6: 

dv 

dt ' ‘ C 


v d v 1 r v d v 

v 0 = -(—5- + C, — L )R, - — f(—+ C 1 — L ) dt 
° R. 1 dt 2 C, J R, 1 dt 


hay 




R, 

v, _ d v 


» R. 


C, ^-)R 2 + —— v.dt + ^v 
1 dt 2 R.C, J C, 


- v 0 = + ^L) v, + —— f v, dt + R, C 

° R, C/ ' R, C, J ‘ 


d v 

■if <4 > 


Xet d hai tan so dac biet: to, = 


vdi dieti kien: «i :> 0)2 


R, C 


va to, = 


R 2 C 2 


Khi co tan so thap (D « 0)2 = 


R, C, 


thi thanh phan tich 


phan 


—■— fv dt 
R. C J 


co tac dung ldn htfn (mach ti'ch phan la loai 

vn ^2 ) 

loc ha thong), nen dac tuyen bien do tan so co do doc giam (goi la 
vung I). 

Khi co tan so cao a) » ©1 =—-—thi thanh phan vi phan 


R, C, 


R,C- 


2^1 


1^- 

dt 


co tac dung ldn hdn (mach vi phan la loai loc thudng 


thong), nen dac tuyen bien do tan so co do doc ting (goi la vung D). 

Trong khoang tan so sao cho C 02 < (0 < 001 thi thanh phan ti le 
vdi dien ap ra co tac dung ldn hdn (goi la vung P do chff 
Proportional). 

Mach PID co nhddc diem: 

- khoang tan so cao, mach vi phan gay nhieu bien do ldn 
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ChUdng 6 


Mach tich phan - vi phan - PIP 


- khoang tan so thap, mach tich phan co do khudch dai ldn co 
the gay dao dong tif kich. 

Be tranh nhtfdc diem tren, ngddi ta gidi han dd khuech dai 
khoang tan so cao va khoang tan so" thap trong mot mtfc nhat dinh. 


log k 



Gian do Bode hinh 6.8 cho thay dap ufng bien do tan so cua 


mach PID cd ban. 


2. Mach PID cai tien 



Hinh 6,9 : Mach PID cai tien 


Sd do hinh 6.9 la mach PID cai tien dtfdc Hip them va R4. 
Dien trd Rj ghep noi tie'p vdi tu C| cd tac dung lam giam do 
khuech dai d khoang tan so"cao cua mach vi phan. 
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Dien trd R 4 ghep song song mach hoi tiep R 2 -C 2 c 6 tac dung 
lam giam do khuech dai d khoang tan so thap cua mach tich phan. 

ThUflng chon: Rj«Ri va R 4 » R 2 

Dien ap ra van dtftfc tinh theo phtfdng tr'rnh (4) nhiftig chi cd 
tac dung trong dai tan so hep hrin 1 &: 


trong do: 


fo < f < f 3 

1 . f 1 

-- va f, =- 

2jiR 4 C 2 2R, C, 


Dap tfng bien do/tan so" cua mach PID duftc minh hoa trong 
gian do Bode hinh 6.10. 


log k 
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CHLfdNG 7 

MACH LQC 


§7.1- DAI CtfClNG 

Mach loc la nu)t bo phan rat quan trong trong ky thu$t mach 
dien tuf. Mach loc co tac dung cho mot dai tan so di qua va chan dai 
tan so con lai, do do, mach loc dutfc dung de chon loc tan so hay 
loai bo tan so cua cac tin hieu dien. 

Trong ky thuat mach di$n tuf ngffdi ta phan loai mach loc nhu 

sau: 

1) Phfln loai theo linh ki^n 

a) Mach loc thu d(?ng: 

La nhffng mach loc chi gom cac linh kien thu.dong nhtf dien 
tret R, tu dien C va cuon day L. 

Co cac loai mach loc thu dong nhff: 

- Mach loc RC, RL, RLC 

- Mach loc hinh rc, hinh T 

b) Mach loc tlch cue: 

La nhffng mach loc ket hop cac linh kien thu dong R-L-C vdi 
cac linh kien tich effe nhff transistor, OP-AMP... 

Mach loc thu dong co nhffdc diem la lam suy giam n2ng 
lffdng qua no, khong co tinh khuech dai va kho phoi hdp tong tret vdi 
cac mach khac. 

Mach loc tich effe dung transistor, OP-AMP... de co the 
khuech dai, phoi hop. tong tret, di6u chinh do suy giam... nham cai 
thien nhffdc diem cua mach loc thu dong. 
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2) Phan loai theo tac dung 

Tuy theo tac dung chon loc hay loai bo tan so cija mach loc, 
ngtfdi ta chia ra cac loai mach loc nhtf sau; 

- Mach loc ha thong (cho tan so thap qua, bo tan so cao) 

- Mach loc thifdng thong (cho tan so cao qua, bd tan so thap) 

- Mach loc dai thong 

- Mach loc dai triet 

- Mach vi phan, mach tich phan 

§7.2- DAP LfNG TAN SO (Frequency reponse) 

Mach loc cung la mot loai mach ttf ctfc co hai ctfc d ngo vao 
va hai cut d ngo ra nhifhinh 7.1. Dien ap cl ngo vao la Vj, dien ap d 
ngo ra la V„. 

Be khao sat dac tinh cua mach loc theo tan so", ngufdi ta dung 
tin hi£u hinh sin (la tin hieu tieu bieu cho loai tin hi£u tuyen tinh) 
dat d ngo vao, roi do dien ap d ngo ra. 





V, 

Mach loc 

\ 

" 1 


1 " 


v -rr 


Hinh 7.7 : Mach loc dang ttf ctfc 


Bap tfng tan so cua mach loc dtftfc dinh nghTa la ti so giffa 
di^n ap tin hieu ra Vq tren di6n ap tin hi$u vilo Vj, theo bieu thtfc: 


a-*h 

V, 


( V n ,V r la gia trj hi$u dung) 
A con dtfpc goi la ham truyen cua mach loc. 
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a) ha thong b) thudng thong c) loc dai thong d) loc dai triet 

Hinh 7.2 : Dap tfng tan so cua mach loc 

Do mach loc thu dong co day du cac tinh nang cd ban cua bo 
loc, mach loc tlch cut chi dung de cai thien nhtfdc diem cua mach 
loc, do do, khi phan tlch tinh n5ng cua cac bo loc thtfdng ngtfdi ta 
phai khao sat trudc tren cac mach loc thu dong RC, RL hay RLC. 

§7.3- MACH LOC THV D0NG DUNG RC 
1) Mach l<?c ha thong (hinh 7.3) 
a) So do - Dap dng tan so: 


j 



Do tu C co dung khang la: -jXc vdi Xc = 1/coC nen trong 
mach RC vita co so thifc (real) vtfa co so ao (imaginary) dude goi la 
so phut (complex). 

TCr cau phan ap R va -jXc, tinh dien ap ra V„ theo cong thtfc: 
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V = 


r.-c-y ' ? > 

_ o)C 

R-j- L- 


Suy ra dap ling tan so cua mach loc ha thong la: 


— . 1 
V - . 1 


-j -;jo>C 

(dC 

1 


R ~j—p. ( R -j-^)ja>C 

coC cot 

Ta da biet: j.j = j 2 = -1 nen suy ra: 

i.~ 1 

1 + jaCR 

Mau so 1 + jcoCR la so phiic dupe phan tich nhu" hinh 7.4 
trong do true hoanh so thiic la 1, true tung so ao la coCR, canh huyen 
tam giac vuong la bien do cua so phiic, cp la goc pha. Do do, dap 
ling tan so eon difdc phan ra dap ling bien do va dap ling pha theo 
tan so. 

b) Dap ling bien do: 

Theo hinh 7.4, bien do cua so phiic la canh huyen nen ta co: 

|l + jcoCR] = -Ji+i^CR) 1 


Dap ling bien do cua mach loc ha thong la: 


\a 


1 

1 



1 + jcoRC 

+ (coRC) 1 


(co = 2itf) 


Nhan xet: - d tan so thap: f -> 0 nen to -> 0 
1 


A - 


VT+o 




K=K 
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Mach loc 


- d lan so cao: f —> °c nen to —► oc 

1 


/J = 


= 0 


0 


VTToo 

fl tan so" dac biet fc (hay ©c) sao cho: 


R = 


(OC iTtfC 


(O - 


1 

Jc 

1 


/ = 


lizRC 


Thay ru L - —- vao dap u"ng bien do A ta co: 
RC 


A = 




- _ - 0,707 


Tan so nay ditdc goi la tan so cat f c (hay toe). 6 tan so nay 

bien do tin hieu ngo ra bi giam di —J= lan so vdi bien do tin hieu 

\/2 

vao (hinh 7.4). 

A 




c) Dap ling pha: (hinh 7.5) 


Pha (p cua A = 


l + jcoRC 


- chinh la pha cua 1 truf di pha cua 


1 + joRC. 
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Ta co: <p = 0 - arctgcoRC = -arctgcoRC 
(3 tan so thap f -> 0 nen co —> 0 
=> cp = -arctgO = 0" 

C5 tan so cao f oc nen co -> oc 

=> cp = -arctgoc = - 90° 

6 tan so' cat f = f c , co = co c th) 

=> cp =-arctgl =-45° 

Nhu- vay, tin hieu ra bi cham pha so vdi tin hieu vao. C i tan 
so thap mure cham pha nho, d tan so' cao mtic cham pha ldn hdn va d 
tan so cat mdc cham pha la 45°. Sd cham pha nay d nhi£u trddng 
hdp se lam cho tin hi£u ra bi meo dang so vdi tin hieu vao. 

d) Dap ling bien do tinh bang deciBel : 

Tddng td nhd do khuech dai dien ap cua OP-AMP thdcfng dddc 
tinh bang ddn vj deciBel (dB), dap dng bien do A cua mach loc 
cung thddng dddc tinh bang ddn vi dB theo cong thde: 

A dB =20\gA = 20\g . \ — 

VI + (coRC) 2 

Suyra: A M = 20lg 1 - 20Ig + (e>RC ) 2 

A m =0-201g7l + (cy/?C) 2 

Khi f —> 0 , co —> 0 => Ajq = -201gl = 0 

Khi f -> oc, co -> oc => Ajb = -201g<x = -oc 

Khi d tan so c^t: co = <y = —— =>/ = /= —-— 

RC 2 nRC. 

A„ = -201gV2 = -20^1gV2 = -3 dB (lg2 = 0,3) 
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Mach loc 



High 7.6 : Dap dug bien dp 
tinh bang dexiben 



Hinh 7.7 : Dap ufng bien do 
theo gian do Bode 


Trj so tren true hoanh la ti so cua tan so f so vdi tan so cal fc 
va difde ghi theo giai logarit c<J so 10. 


Khi f= f t 

thi 

X.i 

/ 

=> 

Ajb = '3 dB 

Khi f= 2t' c 

thi 

— = 2 
/. 

=> 

Ajb = -6 dB 

Khi f= 10f c 

thi 

X = 1 

A 


AdB = -20 dB 

Khi t= 100f c 

thi 

A 

=> 

A ( ib = -40 dB 


Nhan xet: 

• Khi tan so f tang len gap doi thi A giant xuong 6dB goi la - 
6dB/octave (octave = quang 8 trong am giai). 


• Khi tan so" f tang len gap mufti lan thi A giam xuong 20dB 
goi la -20dB/decade (decade = quang 10). 


De ddn gian trong tinh toan, ngtfdi ta dung hai dtfcfng tiem 
can de bieu dien dap tfng bien do A (dB) goi la gian do Bode (hinh 
2.7). 


2) Mach Iqc thityng thong 











Mach Ttfdng Tu 1 


Nguyen Tan Phtftfo 


a) So do, dap ring tan so: (hinh 7.8) 


Vi c 


R 


i II 



Tuf cau phan ap -jXc va R nhtf h'mh 7.8, ta ttnh dude dien ap 
ra V 0 theo tong thurc: 




V, 


R-i 1 i-/ 1 

(oC ’ (oRC 

Suy ra dap tfng tan so ciia much lpc thulfng thong la: 

1 


V, 


1-7 


1 

(oRC 


b) Dap tfng bien do: 


Ta co: A = \A 


1-7 


coRC 


1 + 


( i v 

coRC\ 


Nhan xet: - d tan so thap: f —> 0, to —> 0 
1 1 


A - 


0 


nen 


1 + 


1V 00 


vO, 




- d tan so cao: f °c, x 
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A = 




nen 


n+ 


P 2 1 


V = v 

' O V I 


00 


- d tan so cat: / - f c = 


1 k 1 

-hay (O-co,- - 

2nRC RC 


A = 



r \ 

1 + 

i 

--RC 


RC J 


= = -= = 0,707 

2 V2 


CJ tan so cat bien do tin hieu ra bj giam di 0,707 lan so vdi 
bien do tin hieu van (hmh 7.10), 



> 



c) Dap ting pha\ (hinh 7.11) 
1 


Pha cua A = 


la pha cua 1 trCr di pha cua 1 - j 


W 


coRC 


o)RC 


Ta co: (p - 0 - arctg\ --—j = arctg 


mRC , 

O tan so thap f -> 0 nen ca —> 0 

q> - arctg ^ = arctgoo = 90° 


coRC 
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TL. v , 

O (an so cao f —> oc nen © —» <x 


cp = — = arctgO -0° 

O) J 


d tan so c^t f = f c , to = ©c thi 
(p = arctg 1 = 45" 

Nhtf vay, tin hieu ra bi sdm pha so vdi tin hi6u vao. CJ tan so 
cao mufc sdm pha nho, <5 tan so thap mtfc sdm pha ldn hdn va d tan 
so c^t thi mdc sdm pha la 45“’. Sit sdm pha nay d nhieu trirdng hop 
se lam cho tin hieu ra bi meo dang so vdj tin hieu vao. 

TiTctng ttf, ta cung co the tinh dap ting bien do theo dB, ve 
gian do Bode v& co nhan xet: 


• khi tan so f b&ng tan so c3t f = f= —— thi bien do tin 

‘ 2 nRC 

hieu ra bi giam 3dB (-3dB/octave). 

• khi tan so f giam con 1/2 thi A giam 6dB (-6dB/octave). 

•khi tan so f giam con 1/10 thi A giam 20dB (-20dB/decade). 

3) Match loc dai thong 

Mach loc dai thong chinh la mach loc ha thong ghep not tiep 
vdi mach loc thming thong nhtfhlnh 7.12. 

Dap tfng tan so cua mach loc dai thong chinh la tich so cua 
hai dap ufng tan so mach ha thong va thUWng thong. 



Hlnh 7.12 : Mach loc dai thong Hinh 7. 13a : fci < fc 2 
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Chifdng 7 


Mach loc 




V V V 

A ~ Ljl - ' J| ^ 

K k,T> 

Nhd vay, dap tfng bien do chinh la tich so cua hai dap tfng 
bien dp. 

A = Ai.A 2 

Gpi tan so cat cua A| la fci va A 2 la fo, ta co ba trvrdng hdp 
nhtfhinh 7.13. 

Duftng rdi net chinh la dap tfng tan so cua mach loc dai 

thong. 

Trudng hdp f C i < fc 2 thi dap tfng bien do A rat thap, neu fci > 
fc 2 thi dap tfng bien dO A Idn hdn va bang thong rong. 
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Mot each khac dc co mach lpc dai thong difpc thtfc hien nhtf 
much dien hinh 7.14, trong do, d ngo vao co R-C noi tiep, d ngo ra 
co R-C ghep song song. 


Vdi luan ly itfdng tuT, 5 ngo vao co Z, = R - jXc, d ngo ra co: 


Z 2 


R-jX t 


Tinh tren cau phan ap Z| va Zita se co: 

- _ K _ •' jtoRC 

~ V~ (jtoRC + l) 2 + jtoRC 


Khi co = (o - —— => f = f ~ —-—- thi A - — 
RC 2 nRC 3 


d tan so / = f L - -- thi bien do ngo ra giam con - so 


IttRC 


vdi bien do ngo vao. 


R C 



Z 2 

Hlnh 7.14 : Mach lpc dai 
thong dang khac 


4) Mach lpc dai triet 



Mach loc dai triet chinh la mach lpc ha thong ghep song 
song vdi mach lpc thddng thong nhuf hinh 7.16. 


Trong mach lpc dai tri6t, Ri-Ci la mach lpc ha thong se cho 
tin hieu tan so thap qua, R 2 -C 2 la mach loc thifdng thong se cho tin 
hieu tan so cao qua. Tan so cat cua hai mach lpc la fci va fd. Nhq 






vay, khoang tan so giffa fci va fc 2 se khong qua dude ca hai mach 
loc nen bi loai bo. Budng rdi net chmh la dap tfng tan so cua mach 
loc dai triet. 



Hinh 7. 16 : Mach loc dai tri£t Hinh 7.77 : Bap ting tan so 

mach loc dai triet 


Do hai mach loc rap song song nen ta co Zi = Ri // C2, Z2 = 
R 2 // C| la hai tong trd cua cau phan ap. 

— V T 

Suyra: A^~ = — 2 = 

V, Z, + 2 2 


Cac btrdc phan tlch tu'dng tu nhu tren nhifng vice tinh toan 
xac dinh dai triet tUdng doi phtfc tap hdn. 

M6t each khac de co mach loc dai triet la mach loc cau T doi 


nhU hinh 7.18. 

R R R V, R 



Hmh 7. 18a : Bon mach loc Hinh 7, 18b \ Loc cau T doi 

ghep thanh hai nhanh 
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Mach Tifdng Tit 


Nguyen Tan Phiftfc 


Nhanh thd nhat gom hai mach loc ha thong ghep noi tiep 
ngtfcic dau nen co tu titdng ddcing la 2C. Nhdnh thtf hai gom mach 
loc thuUng thong ghep noi tiep ngUWc dau nen co dien trci tuting 
duUng la R/2. Hai nhanh loc ha thong va thUWng thong co dang hinh 
chtf T lai dUtic ghep song song nhau nen dddc goi li mach loc cau T 
doi. 

Be phan tich dap tfng tan so cua mach dai triet cau T doi, ta 
co the tinh dien ap V i va V 2 , sau do khuf V t , V 2 de co V„ so vdi V,. 

Tan so cong hitting cua mach la: /„ = —^—- 

2 nRC 


Mach loc dai triet dcin hinh 7.16 co dap tfng tan so nhit hinh 
7.19. Cl tan so f = 0.1 To hay f = 1 Ofo. dap tfng bien do A = 0,9. Do co 
do doc kin nen mach loc cau T doi co dai tan triet hep hdn mach loc 
dai triet dcin. 



Hinh 7.20 : Dap tfng bien do 
mach loc dai triet cau T doi 
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Chtfdng 7 


Mach loc 


5) Hai mach lpc RC ghep noi tiep 

- Trong mach loc ha thong dung RC, neu tan so tang len 10 
lan thi bien do giam 20dB (-20dB/decade). Neu ta mile hai mach loc 
ha thong ghep noi tiep, khi tan so tang len 10 lan thi bien do giam 
40dB (-40 dB/decade). 

- Tifdng ttf, trong mach loc thifdng thong dung RC, neu tdn so 
giam xuong con 1/10 thi bien do giam 20dB. Neu ta mac hai mach 
loc thtfdng thong ghep noi tiep, khi tan so giam xuong con 1/10 thi 
bien do giam xuong 40dB. 

Nhi/ vay, khi so tang mac noi tiep cang nhieu thi dap ting 
bien do se gidm nhanh. Tuy nhien, each m^c nay khong thi/c te. 


§7.4- MACH LQC THU DQNG DUNG LC 


Ngoai mach loc thu dong dung RC, ngtidi ta con dung mach 
loc thu d6ng LC. Tuy nhien d tan so thap thi cuon day L co kich 
thtidc ldn nen it dtidc suf dung, mach loc LC thich hdp Cl tan so' cao. 


1) Mach tyc ha thong dung LC 

a) Scf do - Dap ting tan so: 


Tti cau phan ap jX L va -jXc nhuf hinh 7.21, ta tinh dtidc dien 
ap ra Vo theo cong thtic: 


V= -Pr-V, 


JX,. -JX< 




Vi 

1 


dXci V " 


1 1 


A 



Hinh 7,22 : Dap ting tan so 


Hinh 7.27 : Loc ha thong 
dung LC 
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Mach Titling Ttf 


Nguyen Tan Phtfdc 


— V - iX . 
Dap tfng tan so la: A = = = — ( 


K jx,-jx v 


Thay X c = -va X L = ©L va ddn gian: 

coC 


j 


A = 


1 

aoC 


. , .1 I -co 2 LC 

jcoL-j--- 

coC 


Trong trifling hdp nay A chi la so thifc vi khong co j. 
b) Nhan xet: V n = V t 

- d tan so" thap : f —» 0, © -> 0 => A = 1 va V n - V I 

- d tan so cao :f—► oc, co-»oc=>A = Ova V 0 = 0 

- d tan so" sao cho mau so 1 - © 2 LC = 0 => A —> oc 

Tan so nay dtfdc goi la tan so" cong hifdng cua mach LC va 
ky hieu la © () : 

1 „ , 1 
va / 0 = 


Ta co: 


0)„ = 


0 VZc 


° 2ny[LC 

Dap tfng tan so mach ha thong dung LC hinh 2.22 cho thay cl 
khoang tan so f < f () thi A = l, f = f 0 thi A —> «, khi f > f« thi bien do 
giam nhanh vi A ti le vdi nghich dao binh phifdng cua co. 

2) Mach Iqc thtfcfng thong dung LC 

a) Set do - Dap ling tan so: 

-jX c 



Hinh 7.23 : Loc ttyfdng thong 
dung LC 
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Chddng 7 


Mach loc 


TO cau phan ap -jX c va jX L hinh 7.23, ta tinh dddc dien ap 
ra Vo theo cong thtfc: 


V = 


jx,y. 


° JXl-JXc 




V jX L -jX, 

Thay X L = coL, Xc = 1/coC vao A va ddn gian, ta co: 
jcoL l 


A = 


. , . 1 , 1 

jcoL - i - 1 - - z- - 

coC co 2 LC 


Trddng l)dp nay A cung chi la so thut vi khong co j. 


b) Nhan xet: 

- d tan so thap: f -> 0, o> -> 0 => A = 0 va V n ~ 0 

- cl tan so cao: f —> oc, <o — ► oc => A = 1 va V u = V t 


- cl tan so sao cho mau so 1 - 


= 0 => A — co 


co'LC 

Tan so nay difdc goi la tan so cong htfdng etia mach LC, ky 
hieu coo: 

1 


Ta co: 


°> o - 


va 


fo = 


VZc 2 ttJlC 

Dap dng tan so mach loc thu’dng thong dung LC hinh 7.24 
cho thay cl khoang tan so f > fo thi A = 1, f = f« thi A -> oc, khi f < f () 
thi bien do giam nhanh vi A t? le vdi binh phddng cua co. 

Vcli each phan tich va ly luan lifting td, ta cung co the khao 
sat dap tfng tan so cua cac mach loc dii thong va dai triet dung LC. 


§7.5- MACH TICH PHAN VA VI PHAN 

Mach loc ha thong dung RC con cong dung khac trong ky 
thuat dien tur la mach tich phan. TOdng td mach loc ha thong dung 
RC cung con cong dung khac la mach vi phan. 
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Mach TUdng TU 


Nguyen TSh Phtftfc 


Khi nao thl goi la mach loc ha thong, mach loc thifdng thong, 
khi nao thi goi la mach tlch phan, vi phan? 

Chung ta co the tarn phan biet mot each ddn gian nhtf sau: 

- Mach RC la mach loc ha thong, thifdng thong khi ngo vao 
tin hieu co nhieu tan so va thtfdng khao sat vdi tin hieu hinh sin. 

- Mach RC la mach tich phan, vi phan khi ngo vao tin hieu 
chi co mot tan so va thifdng khao sat vdi tin hieu xung vuong. 

Mach tich phan, vi phan dung de bien doi dang song cua tin 
hi$u, ditdc suf dung nhieu trong ky thuat xung de tfng dung trong lTnh 
vi/c ttrdong dieu khien. 

1) Mach tich phan 

Theo dinh nghla, mach tich phan la mach ma dien ap ra v„(t) 
ti le vdi tich phan theo thdi gian cua dien ap vao v,(t). 

Taco: v () (t) = k [vj(t)dt (trong do k la he so ti le) 

Mach tich phan nhit hinh 7.25 chinh la mach loc thap qua 

dung RC. Tan so cat cua mach loc la: f, = —-— 

1 2 nRC 

Do dien ap vao v, la ham bien thien theo thdi gian nen dien 
ap tren R va C cung la ham bien thien theo thdi gian. 

a) Mach tich phan RC: 

R 

V, 

Hinh 7_21 : Mach tich phan RC 

Ta co: Vj (t) = v R (t) + v c (t) 



144 



ChUdng 7 


Mach loc 


Xet mach dien d trtfdng hdp ngudn dien ap vao Vj co tan so” fj 
rat cao so vdi tan so cit fc. Luc do, dung khang X c se co tri so rat 

nho (do X, '— ). 

2 tf.C 


Ne'u: / » f c = 


thi 


R » X c = 


2 ttRC 2 nf,C 

Suy ra: v R (t) » v c (t) (vi dong i(t) qua RvaC b&ng nhau) 
Boi vdi tu C, dien ap tren tu dtfdc tinh theo cong thtfc: 
v r (/) = ^rf Kt)dt 

Dien ap tren tu C cung la dien ap ra nen: 
v„(0 = v r (t) = ^ji(t)dt 


trong do: 
Suy ra : 


m= 


c 

MO 

R 

i rMO 


(vi R» Xc nen bo qua Xc) 


vM) = ^V^ dt 

C i R 

v„(0 = ^fv, {t)dt 


Nhd vay dien ap ra v„(t) la tlch phan cua dien ap vao v,(t) vdi 

he so ti le k la: k - —khi tan so fj rat ldn so vdi fc- 
RC 

Bieu kien cua mach la: 

/»/(•=>/.» 1 


InRC 

Noi each khac la: RC » —=> r » ^ 


2 nf, Inf, 2 n 

trong do: x = RC la h&ng so” thdi gian, Ti la chu ky. 

Tri/dng hdp dien ap vao V| la tin hieu hinh sin thi: 

Vj (t) = V m sincot 
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Mach Ttfdng TV 


Nguyen Tan Phudc 


Dien ap ra: 


1 r V 

v 0 (/) =- IV sin cot dt - -— cos cot 

RC 1 coRC 

v 0 (/)i S in(d»-90“) 

coRC 


Nhtf vay, neu thoa man dilu kien cua mach rich phan thi 
dien ap ra bi tre pha 90° va bien d6 bi giant xuong vdi he so ti le la: 
1/ coRC. 


b) Dien dp vao la tin hieu xung vuong: 

Khi dien ap vao la tin hieu xung vuong co chu ky Tj thi co 
the xet ty le hang so thcii gian x = RC so vdi T; de giai thich cac 
dang song ra theo hi<?n tu'dng nap xa cua tu. 

Gia thiet dien ap ngo vao la tin hieu xung vuong doi xufng c6 
chu ky T; (hlnh 7.26a). 

Neu mach tich ph3n co hang so thdi gian x = RC rat nho so 
vdi T; thi tu nap va xa rat nhanh n6n dien ap ngo ra v () (t) co dang 
giong nhifdang dien ap vao v*(t) (hinh 7.26b). 

T 

Neu mach tich phan co h^ng so thdi gian x = ~ thi tu nap va 

xa dien ap theo dang ham so mu, bidn do dinh cua dien ap ra thap 
hdn V p (hinh 7.26c). 

Neu mach rich phan co hang so thdi gian x rat ldn so vdi Tj 
thi tu C nap rat cham nen dien dp ra co bien do rat thap (hinh 7.26d) 
nhimg dPdng tang giam dien ap gan nhridiidng thing. 

Nhtf vay, mach rich phan neu chon tri so RC thich hdp thi co 
the stfa dang xung vuong d ngo vao thanh dang song tam giac d ngo 
ra. Neu xung vuong doi xtfng thi xung tam giac ra la tam giac can. 

Trtfdng hdp tin hieu ngo vao la mot chuoi xung vuong khong 
doi xuTng vdi t ()n > t ( ,n. Trong thdi gian t on ngo vao co dien ap cao nen 
tu C nap dien. Trong thdi gian t„ff ngo vao co dien ap 0V tu C xa 
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Chifdng 7 


Mach loc 


dien nhUng do thdi gian t„n nho hdn t ()n nen tu chira xa dien het thi 
lai nap dien tiep lam cho di£n ap tren tu tang dan (hinh 7.27). 



Hinh. 7.26 : Dang song vao va ra cua 
mach tich phan nhSn xung vuong. 
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Mach Tifcfng Ti f 


Nguyen Tan Phiiflc 


V 0 (O f 

VpT 



Hinh 7.27 : Chudi xung vuong vao 


phan 


c) Mach Itch phan RL: 

Mach Loc thaip qua dung RL cung co the dung lam mach tich 
nhi/hinh 7.28. 


X 


L 

ram 



Vo(t) 

X 


Hinh Z28 : Mach tich phan dung RL 


Chtfng minh ttfWng ttf nht/ mach tich phan dung RC ta co dien 
dp ra v„ (t) ti 1$ tich phan vdi dien ap vao Vj (t) theo thdi gian. 

Ta co : v () (/)=— (trong do he so ti le k - — 

L L 

2) Mach vi ph£n 

Theo dinh nghTa, mach vi phan la mach cd dien ap ngo ra 
v„(t) ti le vdi dao ham theo theti gian cua dien ap ngo vao Vj(t). 

Taco: v o (i)-k^-v(t) (trong do k la he so ti le) 

" dt 
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Chi/dne 7 


Mach loc 


Trong ky thuai xung, mach vi phan co tac dung thu hep do 
rong xung tao ra cac xung nhpn de kich cac linh kien dieu khien hay 
linh kien cong suat khae nhuf thyristor, triac ... 

a) Mach vi phan dung RC: 

Mach dien hinh 7.29 chinh la mach loc cao qua dung RC. 

Tan so c 2 t cua mach loc la: f, =—- — 

‘ 2 jiRC 

C 

Vi 

Hinh 7.29 : Mach vi phan RC 

Dong dien i(t) qua mach cho ra si/ phan ap nhi/ sau: 

Vi(t) = v c (t) + V R (t) 

Xet mach dien d tri/cfng hdp nguon dien ap vao Vj(t) co tan so 
fi rat thap so vdi tan so cat fc- 

Luc do: / « f c -—-—7 va d tan so nay thi dung khang Xc 

2 tcRC 

se co tri so rat Idn (vi X.. -—-— ). 

Nht/vay: R«X ( . =—!— 

( 24,c 

Suy ra: v R (t) « v t (t) (vi dong i(t) qua R va C being nhau) 
.hay : V|(t) * v t (t) 

Doi vdi tu C, dien ap tren tu con di/dc tinh theo cong thtfc: 
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(irong do q(t) la dien tich nap vao tu) 


__ .. , dv(t) dv r (t) 1 dq(t) 1 ./. 

TOrdotacd: —— = -2W=_i(/) 

dt dt C dt C 


hay la: i{t)=C 


dt 


Dien ap tren dien trd cung la dien ap ra la: 

v o('h v A‘h Ri i‘) 


\{t)= R C 


idv,(t) 


dt 


Dien ap ra chinh la vi phan (dao ham) theo thdi gian cua 
dien ap vao vdi he so ti le k D k = RC khi tan so f ( rat thap so vdi f c . 

Dieu kien cua mach vi phan la: 

1 


f,« fc 

Noi each khac la 
1 


RC « 


hay / « 

hay 


IriRC 
1 T 


t« 


2< 2 nf, 2n 

trong do: x = RC la hUng so thdi gian, T, la chu ky. 

Trudng hdp dien ap vao Vj(t) la tin hieu hinh sin thi: 
Vj(t) = V rn sin<a(t) 


dien dp ra la: v„(t) = RC — (V m sincot) 

dt 


= (oRCV m cosa>t 
= «RCV m sin(cot + 90°) 

NhiT vay, neu thoa dieu kien cua mach vi phan nhtf tren thi 
di$n ap ra sdm pha 90° va bien do nhan vdi he so It le la coRC. 


b) Digit dp vao la tin higu xung vuong: 


Chtfdng 7 


Mach loc 


Khi dien ap vao la tin hi6u xung vuong co chu ky T, thl co 
the xet ti le h&ng so thcfi gian t = RC so vdi T; de giai thich cac dang 
song ra theo hien tifdng nap x3 cua tu. 


Vi(t) , 

i 








/ 

1 T- ■ 

- L - A 



Hinh 7J0 '■ Dang sdng vao va ra cua mach vi 
phan nhan xung vuong. 


Gia thiet di$n ap ngo vao la tin hi$u xung vuong doi xdYig co 
chu ky Tj (hinh 7.30a). 
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Mach Turing TU 


Nguyen Tan Phtfrtc 


Neu mach vi phan co hang so thdi gian x = -j- thi tu nap va 

xa dien tao dong i(t) qua dien tr5 R tao ra dien ap giam theo ham so 
mu. K.hi dien ap ngd vao bang OV thi dau dtfdng cua tu noi mass va tu 
se xa dien ap am tren dien trd R. O ngd ra se co 2 xung ngitdc dau 
nhau bien do giam dan (hinh 7.30b). 

Nhu' vay, neu thoa dieu kien cua mach vi phan, mach RC se doi 
tin hieu tifxung vudng ddn cut ra 2 xung nhon lUOng cifc (hinh 7.30c). 

Neu mach vi phan co hang so thdi gian x rat nho so vdi T, thi tu 
se nap va xa dien rat nhanh cho ra 2 xung ngifdc dau nhuhg co do rang 
xung rat hep dtfdc goi la xung nhon. 

c) Mach vi phan dung RL\ 

Mach loc cao qua dung RL cung co the lam mach vi phan nhif 
hinh 7.31. 


Chuhg minh tutfng tu" nhti mach vi phan dung RC ta co dien 
ap ra v„(t) ti le vi phan vdi dien dp vao Vi(t) theo thdi gian. 


Ta co: 


v„(t) = 


L dvX Q 
R dt 


Trong do, he so"tile la: k = — 

R 


R 



Hinh 7JJ_ : Mach vi phan RL 
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Chirring 7 


Mach loc 


§7.6- MACH LQC TfCH Cl/C 

1) Dai citdng 

Mach loc thu dong co nhtfdc diem la tin hieu bi ton hao tren 
R nen dap i?ng bien d6 thifdng thap va bi le thuoc vao phu tai. 

Be tranh nhudc diem ciia mach loc thu dong ngufti ta ket hdp 
mach loc vdi linh kien tich ctfc va dat mach loc RC nam tren dddng 
hoi tiep de tang he so truyen dat, tSng he so" pham chat. Be khong bi 
lc thudc vao phu tai ngufri ta dung mach khuech dai dem de phoi 
hdp trd khang. 

2) Mach loc ha thong 

a) Mach loc ha thong khuech dai khong 3ao: 


Ao Av 



Vo 


Hinh 7.32 : Loc ha 
thong khuech dai khong dao 


Trong sd do hinh 7.32, OP-AMP dtfdc rap kieu khuech dai 
khong dao nen co dd khuech dai dien ap mot chieu la: 


A, = 




Mach RC d ngo vao I n + la mach loc ha thong thu dong nen 

van co tan so cat la: co, = —va f t -—-— 

* RC 2 nRC 

k V~ \ 

Dap dng tan so mach loc la: A a = -=£- =- 

V, 1 + jcoRC 
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Nguyen Tan Phudc 


Dap iJng tan so cua toan mach la: 

1 


A = A a A, - 


R \ + Ri 


] 4- jcoRC R^ 

b) Mach loc ha thong khuech dai dao: 

Trong srt do hinh 7.33, OP-AMP dude rip kieu khuech dai 
dao nen co do khuech dai dien ap mdt chieu 1&: 

R , 


A v =- 


(R .2 hoi tiep am) 



Hinh 7.33 : Mach loc ha thong khuech dai dao 

Mach hoi tiep R 2 //C tijf ngo ra ve ngo I„‘ co tac dung cua 
mach loc ha thong, vi d tan so cao Xc co tri so nho nen mtfc hoi tiep 
am Idn se lam giam bien do cua tan so cao. 

Tan so cat cua mach loc vln dlfdc tmh theo cong thdc: 




InRfi 


va (o, = 


R 2 C 


> » V 

Dap tfng tan so cua mach loc la: A a = -JL = 


V 1 + jo)R 2 C 


Dap tfng tin so"cua toan mach la: 


A = A 0 A V = - 


1 + j(t)R 2 C R 
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3) Mach loc thityng thong 





Tan so trung binh cua mach loc dai thong v5n di/dc tinh theo 



Hinh 7.55 : Hai kieu loc dai thong 


5) Mach loc dai trifit 

Mach loc dai triet ap dung mach loc cau T doi ket hop OP- 
AMP, co mach hoi tiep dtfdng (hinh 7.36), 


Vo 


Hinh 7.36 : Mach loc dai triet tich cdc 

Tan so" trung binh cua mach loc dai triet la: f, = —-— 

' ’ 2 ttRC 

Ly thuyet ve mach loc con rat nhieu va rat phtfc tap. Trong 
khuon khd mot chtfdng ciia giao trinh "Mach Ttfong Tu" khong the 
trinh bay het difdc. O day chi gidi thi£u nhffng phan that c3n ban va 
thong dung tren cac mach loc bac 1. 




CHtfCfNG 8 


KHOI CUNG CAP NGUON 


§8.1- MACH NAN DIEN 
1. Mach n3n di^n ban ky 

Dien ap ngo vao Vj co gia tri hieu dung la V A c- Do mach nan 
dien ban ky nen dien ap ngo ra la nhffng ban ky difdng gian doan. 



Dien ap mot chieu trung binh ct ngo ra la. 

V^ y = — = 0,318F,, (V P : dien ap dinh) 

n 

— 42V 

hay V 0 = = 0,45K, ( . 

n 

H'inh 8.1 la sd do mach va dang song ct ngo vao, ngo ra cua 
mach nan dien ban ky. Trong mach nay tai thuan tret va khong co 
mach loc. 

Diod D dirdc chon sao cho co cac thong so gicfi han la: 

Iinax — 4 Il 

V R nlax > 242V A( . 

2. Mach n^n dien toan ky mdt pha 
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Khi diem A co ban ky duong so vdi diem B, diod D| dan 
dien qua tai R L roi trd ve nguon qua diod Dj (dong dien co dirdng 
lien net). Khi diem B co ban ky dUOng so vdi diem A, diod D 2 dan 
dien qua tai R L roi trd ve nguon qua diod D 4 (dong dien co difdng 
rdi net). Nhif vay, bon diod se chia ra hai cap D|-Dj va D2-D4 luan 
phien nhau dSn dien, dien ap ngo ra la nhufng ban ky difdng lien tuc. 

Dien ap trung binh mot chieu d ngo ra la: 

— IV 

V () = —— = 0,63^, (Vp: dien ap dinh) 

n 

— 2-JlV ... 

hay V n =- — = 0,9Vj C (Vac: dien ap hieu dung) 

n 

Do cac diod luan phien dan dien cafp dong qua tai nen cac 
diod’diTOc chon co cac thong so gidi han la: 

lo max ^ 2 I l 

V Rmax > 2y[2V A( . 

3. Mach n^n dien tilng doi di$n ap 

a) Mach ndn (Hen tang doi dien ap kieu Latour: 

Trong so do hinh 8.3 dung hai diod va hai tu de dan va nap 
dien d hai ban ky. 
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ChUdng 8 


Khoi cung cap ngu6n 


Khi diem A co ban ky dtfdng, D| din va nap vao tu Ci, dong 
dien di ttt A qua D|,tu Ci roi ve diem B (dtfdng lien net). 



Khi diem A co ban ky am, D 2 din va nap vao tu C 2 , dong • 
di6n di tCr B qua tu C 2 , diod D 2 roi trd ve diem A (diittng rcti net). 

Dien ap nap ctfc dai tren tu Ci va tu C 2 bang dien ap dinh 
cua dong dien xoay chieu <5 ngo vao. 

Vci max = V C2 max = Vp = jlV AC 

Dien ap cap cho tai la dien ap noi tiep tren tu Ci va tu C 2 se 
co tri so cut dai tang gap doi so vdi dien ap xoay chieu d ngo vao. 

Vo max = Vci max + Vc 2m ax = 2Vp = l42V A( , 

Dien ap trung binh tren tai co tri so nho hdn V 0 max vi tu C| 
va C 2 xa dien lam giam ap, rmfc giam ap tuy thuoc trj so dong di£n 
tai ldn hay nho va tuy trj so dien dung C r C 2 . 

b) Mach ndn dien tang doi dien dp kieu Schenkel: 
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Mach Ttfdng Tu 1 


Nguyen Tan Phitctc 


Trong sd do hinh 8.4 cung dung hai diod va hai tu de dan va 
nap dien d hai ban ky, nhifng diem B chinh la diem mass cua nguon 
dien mot chieu sau mach nin dien. 

Khi diem A co ban ky am (noi each khac la diem B co ban 
ky dtfdng) thi diod D| dan nap v&o tu C|, dong dien di tCr B qua 
Di, tu C| roi ve diem A (dudng rdi net). 



Hinh 8A_ : Nan tang doi kieu Schenkel 


Khi diem A co ban ky dvfdng thl dien ap da nap tren tu Ci se 
noi tiep vdi dien ap ban ky di/dng cua nguon tao thtinh dien ap tang 
gap doi, dien ap nay phan ctJc thuan D 2 lam dan nap vao tu C 2 , dong 
dien di qua D 2 , tu C 2 roi ve diem B (duflng lien net). 

Nhir vay, dien ap nap cUc dai tren tu Ci chi bSng dien ap 
dinh cua dong dien xoay chieu d ngo vao trong khi dien ap nap cut 
dai tren tu C 2 dddc tang gap doi so vdi dong dien xoay chieu d ngo 
vao. Bien ap tren tu C 2 cung chinh la dien ap ra tren tai. 

Vet max = Vp = 4lV M . 

V 0 ,nax = Vc2nm = 2Vp= 2-JlV Ar 

Tifdng td nhd mach tren, dien ap trung blnh tren tai co tri so 
nho hdn Vo max vt tu C 2 xa dien lam giam ap. Mdc giam ap cung tuy 
thuoc tri so dong tai ldn hay nhd va tri so dien dung C|-C 2 . 
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Chitting 8 


Khoi cung cap nguon 


Trong mach nay tu C 2 phai co dien ap lam viec ldn gap hai 
lan dien ap lam viec cua tu C[. 

4. Mach nan dien tSng ba ldn di?n ap 

Sd do hinh 8.5 la sir ket hdp cua hai mach nan dien tSng doi 
kieu Latour va Schcnkel. Nguon xoay chieu cho vao hai diem A va 
B, d day phai xet hai ban ky lien tiep nhau nhtfsau: 

Khi diem A cd ban ky am thi hai diod Di va D 3 deu dtfdc 
phan cdc thuan, diod Dj dan dien nap vao tu C| vdi dien ap dinh la 
V P , dong thdi diod D 3 dan dien nap vao tu C 3 vdi dien ap dinh la Vp 
(hai dong dien la hai dudng rdi net). 



Khi diem A cd ban ky dirdng, dien ap tren tu C| se noi tiep 
vdi ban ky dddng cua nguon dien xoay chieu V AC cho ra dien ap 
dinh la 2V P va dien dp nay phan cite thuan diod D 2 lam D 2 dan nap 
vao tu C 2 vdi dien ap dinh la 2V P (dong dien co dirdng lien net). 

Dien ap nap diTdc tren cac tu la: 

Vc, max = Vp = 4lV M . 

Vci max ~ Vp = V2F, ( . 
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V C 2max = 2 V P = 2 JlV M . (tu C 2 nap tang gap <16i) 

Dien ap cap cho tai la dien ap cua tu C 2 va tu C 3 noi tiep 
nhau nen co dien ap cite dai ting gap ba lan so vdi dong dien xoay 
chieu cl ngo vao. 

V 0 max = V^2 max + Vc3 max 

= 2V P + Vp = 3Vp = 3 4lV A( . 

Trong mach nay tu C 2 phai co dien ap lam viec Idn gap hai 
lan di$n ap lam viec cua tu C| va C 3 . 

5. Mach n3n dien tang bon ldn dien ap 

Mach nan dien tang bon lan dien ap co nguyen ly giai thich 
theo trinh tU sau: 



Hinh 8.6 : Mach nan dien tang bon lan dien dp 


a) Khi diem A co ban ky am lan thuf nhat, D t dan, nap vao tu C| 
(dong dien la dudng lien m 6 t net), dien ap nap toi da tren tu C| li V P . 

b) Khi A co ban ky dUdng lan thuf nhat thi dien ap tren tu Ci se 
noi tiep vdi dien ap ban k$> diTdng cua nguon AC lam dien ap ting 
gap doi (2V P ). Luc nay diod D 2 dan dien nap vio tu C 2 (dong dien la 
dUflng rdi co hai doan). Diep ip nap dude toi da trSn tu C 2 la 2V P . 

I* 
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ChMng 8 


Khoi cung cap nguon 


c) Khi A co ban ky am lan thti hai thi dien ap tren tu Cj la 2V P 
se noi tiep vdi dien ap ban ky am cua nguon AC la dien ap tang gap 
ba (3V P ). Luc nay, diod D| cung dan dien nap vao tu C| dien ap 
dinh la V P dong thcli diod Di dan dien nap vao tu Ci dien ap dinh la 
2 V P . Dien ap toi da tren tu C] va Cj noi tiep nhau la 3V P (dong dien 
la difdng rcti cd ba doan). 


d) Khi diem A cd ban ky diMng lan thtf hai thi dien ap 3Vp tren 
tu Ci va Ci se noi tiep vdi dien ap ban ky am ngudn AC la dien ap 
tang gap bon (4V P ), Luc nay, diod D 2 cung din dien nap vao tu C 4 
dien ap dinh la 2V P (dong dien la duftng rdi co bon doan). Dien ap 
ra tren tai chinh la dien ap tren tu C 2 va tu C 4 noi tiep nhau cd tri so 
toi da la 4V P , 


Nhu 1 vay, trong bon tu dien, tu C| chi nap dude dien ap toi da 
la V P , cac tu dien C 2 -CpC 4 se nap ditdc dien ap toi da la 2V P . Dieu 
nay can litu y khi chon dien ap lam viec cua tu. 


§8.2- MACH LOC DIEN 

Trong phan nay de cap den mach loc dien cua cac nguon 
mot chifiu sau khi nan dien tit nguon dien xoay chieu hinh sin. Mach 
loc dien nguon cd tac dung lam giam mufc dien ap gdn song de cd 
nguon dien ap mot chieu thang hang. 

Mach loc dien cd the chia ra cac loai sau: 

- Mach loc thu dong: mach loc C, mach loc RC, mach loc LC. 

- Mach loc tich ci/c ket hdp mach loc thu dong va linh kien tich 
cite nhu transistor, IC. 

1. Mach loc dung tu di£n 

Hinh 8.7 la mach nan dien ban ky loc dien bang tu C, trong 
do Vc la mtfc dien ap mot chieu trung binh nap tren tu va AVc la 
dien ap gdn song V, (Ripple Voltage). 
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Mach Tuvin 


Nguyen Tan Phtfdc 


Taco: Q = V r C hay V f va Q = I L T 


„ iT/ AQ I.T I. 

Suyra: AV. =—— = —— -—A- 
C C fC 


(T: chu k^) 


Noi each khac dien ap gdn song tren tu C la: 

V r = —— (f: tan so cua dong dien xoay chieu) 

f c 

Dien ap m^t chieu tren tai la: 

Kx = K - Y = y,, ~ Yfc (Vp m di ' n dp dinh) 



Hinh & 7: Mach n&n ban ky va 
dang dien ap ra 


Hinh 8.8: Mach n&n toan ky va 
dang dien ap ra 


Qua hai cong thtfc tren cho thay muon giam mufc dien ap gdn 
song va tang mure dien ap mot chieu trung binh tren tai thi tu dien C 
co tri so cang ldn cang tot. 
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flbiftlng ft 


Khoi cung cap nguon 


Tht dii’. Mach nan dien ban ky co' V AC = 12V, dong tai II = 
0,5A, can co V DC = 12V. Tinh tri so tu dien C. 

Ta eo: V ac = 12V nen dien ap dinh Vp la: 

V f =J2V K . =/2 12sl7F 

Do: V DC = V P - — nen ^ = V P - V DC = 17V - 12V = 5V 
2 2 

Suyra: V r = 2x5V = 10V 

Nhif vay, tu dien loc C dtft,1c tinh theoeong thtfc: 

K=— => c = -^~ 

fc jv, . 

0 5 A 

Cuoi cung: C = —-= 1000 uF 

50x10 A 

Hinh 8.8 la mach nan dien loan ky co loc dien b&ng tu C. 
Bang each ly luan lifting ttf, ta se co cong thufc tinh dien ap gdn song 
tren tu C la: 

h. 


V. = 


2/C 


(mach nan dien toan ky) 


Nhif vay, mach nan dien toan ky vdi tri so tu loc C nhd xuong Vi 
lan van cho ra mute dien ap gdn song bang vdi mach n&n dien ban ky. 

2. Mach loc hinh n 

Trong mach loc bang tu C cho thay dien ap gdn song V r ti le 
thuan vdi dong chuyen tai I L va ti 1(? nghich vdi dien dung C cua tu 
loc. Ngoai ra, dien ap gdn song tuy thuoc kieu n&n dien ban ky hay 
loan ky, neu nan dien toan ky thi do gdn sdng giam di mot nilfa. . 

Thi du: Mot mach loc cd dong dien tai II = 500mA, tu C= 
lOOOpF va mach nan dien kieu toan ky thi dien ap gdn song la: 
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Mach Ti/dng Tuf 


Nguyen Tan PhuVfc 


V. = 


h 


500.10 


- \ 


2 fC 2.100.1000.10 


= 2,5V 


Muon giam dien ap gdn song V r thi phai tang tri so dien 
dung C len kha ldn. 

Thong thifilng cac dong tai co tri so" ldn khong can dien ap 
gdn song that nho, dieu nay chi can thiet cho cac dong tai co tri so 
nho. Mach loc hinh n co tac dung tao ra hai nguon dien ap mot 
chieu co dp gdn song thi'ch hdp cho dong dien tai de tinh chon tri so 
tu loc C theo yeu cau ky thuat ma van dam bao tinh kinh te. 



Hinh 9.3a: Mack loc hinh n 


Hinh 9.3b: Mach itlcmg difrmg 


Sd do hinh 8.9a la mach loc dien hinh n, V| la dien ap sau 
cau diod ndn dien da difdc loc bang tu dien C|. 

Gia thiet nguon V| co dong dien tai la I L i thi dien ap gdn 

song tren nguon Vi la: V rl = — _ 

2,/^C | 

Va dien ap mot chieu trung binh la: 

(Vp: dien ap dinh c’i thi? cup) 


v 

v _d 

OJCI _ r f 2 
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ChUring 8 


Khoi cung dip nguon 


Nguon V| dUdc qui ra mach tu'dng dtfdng nhtf hinh 8.3b gom 
co nguon Vdci va nguon V r i noi tiep nhau. 

De co the tinh dtfdc dien ap nguon V 2 thi ta phai xet hai loai 
dien ap: dien ap mot chieu va dien ap gdn song tren tu Ci. 

Doi vdi nguon mot chieu thi tu C 2 coi nhur hd mach nen dien 
ap m6t chieu trung binh tren tu C 2 la: 


V -V 

r IH'l r IX 1 


R + R, 


Theo cong thtfc nay neu muon dien ap mot chieu ra cao thi 
dien trd R co tri so cang nho cang tot. 

Doi vdi nguon gdn song (xoay chidu) thi tu C 2 co dung khang 
la Xci thudng co tri so rat nho so vdi Rl nen dung khang cua tu C 2 
song song vdi Rl co gia tri tddng dtfdng Xc 2 - 

Ta co: Z. = X r , // R. s X rl =- - - 

' ' 2 '• 2rr(2 f)C 

Trong mach dung cau diod nan dien toan ky nen tan so gdn 
song la 2f, trong do f la tan so cua Itfdi dien xoay chieu cong nghiep. 

T_ ^ v 

O day de ddn gian ta khong can xet goc lech pha do co thanh 
phan dung khang vi doi vdi mach loc nguon thi khong can thiet that 
chinh xac. 

Gia thiet nguon V 2 co dong dien lai la Ic 2 thi dien ap gdn song 
con lai tren C 2 la: 

X... 


V.y - V 


r 2 


R + X 


C2 


Theo cong thtfc nay neu muon dien ap gdn song co bien do 
thap thi phai giam Xc 2 (ttfc la tang dien dung cua tu C 2 ) hay tang 
dien trd loc R. Doi vdi cac dong tai 1l2 co tri so nho thi cd th$ chon 
R cd tri so Idn de giam dien ap gdn song tren nguon. 
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Mach Ttfdng Tu 


Nguyen Tan Phitdc 


That ra dien ap gdn song V ,2 cung ti le theo dong didn tai I L 2 , 
cong thtfc tren chi dung khi Xc 2 rat nho so vdi R L . Be tang hieu qua 
mach loc dien hinh n doi vdi cac tai I C2 ldn, ngtfdi ta thitdng dung 
mach loc tich ctfc. 

3. Mach l<jc tich ctfc 


V 


DCl 


V 


rl 



Hinh 8AQi Mach loc tich ede 


Hinh 8.10 la sd do mach loc hinh k co them transistor, trong 
do dien trd R B thay cho dien trd loc R, tu Cb thay cho tu loc C 2 . 

Co the xem tu Ci, dien trd Rb va tu C 2 la mach loc hinh Tt, 
nhtf sd do hinh 8.9, nhtfng diem khac giCTa hai sd do la: 

- Mach loc hinh n (hinh 8.9) co dong dien tai qua dien trd 
loc R la dong dien Ii_ 2 - 

- Mach loc tich ctfc (hinh 8.10) co dong dien tai qua dien 
trd loc R la Ib, con dong dien tai I L2 gift chinh la Ie cua transistor. 

Ta co: I = 

P P 

Neu xet mach loc hinh n trong mach loc tich cut thi dong 
dien qua mach loc la 1 b da dtfdc giam (5 Ian. Tufting hdp tu loc Cb co 
trj so dien dung bang tu C 2 thi dong dien ap gdn song tren tu C B se 
giam xuong p lan - vi dien ap gdn song V r ti le theo dong dien tai. 
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Chitting 8 


Kho'i cung can nguon 


Dien ap mot chieu cap cho tai bay gict la: 
V E = V B -V BE = V b -0,7V 


§8.3- MACH ON DINH NGUON 

Trong cac mach dien tfr ngifcti ta phan biet hai loai nguon la 
nguon dien ap va nguon dong dien. Doi vdi nguon cap dicn on djnh 
ngifdi ta cung chia ra hai loai nguon on dinh la nguon on ap va 
nguon on dong. 


V, 


V L = hang so 


* 


Nguon 
on ap 



R 



I L = hang so 


Nguon 
on dong 



R 


Hinh 8JJ_a : Nguon on ap 


Hinh 8J_l_b : Nguon on dong 


Nguon on dung de tao ra dien ap cap cho tai la V L co trj so on 
dinh khong tuy thuoc theo dien ap ngo vao V! va tri so" dien tret tai 
Rl (hinh 8.1 la). 


Nguon on dong dung de tao ra dong dien cung cap cho tai la 1|. 
co tri so on dinh khong tuy thuoc theo dien ap ng5 vao V| va tri so 
cua dien trd tai Rl (hinh 8.1 lb). 


t. Nguyen tSc <£n ap 

Sit do hinh 8.12 cho thay nguyen tac cua cac mach on ap 
bao gom cac khoi sau: 

a) Mach too dien an chuan: 

Lay dien ap tuf nguiin chung cho ra mot mtfc di6n ap khong 
doi, dien ap nay goi la dien ap chuan Vr (Reference). Dien ap 


169 





Mach Tifdng Tlf 


Nguyen Tan Phiftte 


chuan V R chinh la eel sd cho viec on ap, dien ap d ngo ra V„ se bj 
dieu khien tri/e tiep bdi dien ap chuan V R . 



Hinh 8.12 : Nguyen tac on ap 


h) Mach lay (Hen d]> mau: 

La mach lay dien ap d ngo ra doi thanh mtfc dien ap bang hay 
gan bang mure dien ap chuan, mure dien ap nay goi la mue dien ap 
mau V s (Sample) hay con difctc goi la dien ap hoi tiep Vp. Khi ngo ra 
co dien ap bi thay doi se lam cho di£n ap hoi tiep nhd hdn hay ldn hdn 
dien ap chuan V R . 

c) Mach khuech dai sai hiet : (Error-Amplifier) 

Mach khuech dai sai hiet con goi la mach khuech dai so sanh 
dung de so sanh mure dien ap mau V R vdi dien ap chuan V R . Dien ap 
ra sau mach khuech dai sai biet dung de thay doi trang thai dan dien 
cua phan tuf dieu khien. 

(I) Phan ti( dieu khien: 

Phan tuf dieu khien thitffng la linh kien dien tu” cong suat dddc 
coi nhif mot long trd co tri so tuy thuoc ngo ra cua mach khuech dai 
sai biet. 
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Chitting K 


Khoi cung cap nguon 


Tuy thuoc each thiet ke' phan til dieu khien ma mach on ap 
dtfclc chi a ra cac loai sau: 

*? , , A 1 A? 

- On ap noi tiep - On ap song song - On ap xung 



Trong mach on ap noi tiep (hinh 8.13a) phan td dieu khien Rs 
dddc mac noi tiep vdi dien trei tai Ri - Luc do, dien ap ra Vo tinh 
theo cong thufc: 

Vo = V,-(I l .R s ) 

Theo cong thde nay dc co V 0 on dinh, V| tang, mach dien phai 
dieu khien lam cho Rs tang va ngifoc lai. 

Trong mach on ap song song (hinh 8.13b) phan tuf dieu khien 
Rs dddc m3c song song vdi dien trd R L . Luc do, dien ap ra V () ddclc 
tinh theo cong thde: 
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Mach Tirana Tir 


Nguyen Tan Phiftfc 


V 0 = V, - (1 L + Is) R (/, = ^~) 

R s 

Theo cong thufc nay de co Vq on djnh thi khi Vi tang math 
dien phai dieu khien lam eho Is t3ng ttfc la Rs giam va ngtfOc lai . 

Trong much on ap xung (hinh 8.13c) phan tuf dieu khien chinh 
la cong tac S dtfrfc dieu khien dong hay ngat nhd much dao dong tao 
xung. Khi cong tac S dong thi dien ap ra Vo = Vi, khi cong tac S h<5 
thi dien ap ra Vo = 0. Thfli gian cong tac dong la Ln, thdi gian cong 
tac hd la t ol |. Nhif vay, dien ap ra se co mufc trung binh la: 

y = y 

Theo cong thufc nay de co V 0 on dinh thi khi V| ting mach dien 
phai dieu khien lam cho giam thdi gian t,m (ttfc la ting thdi gian t 0 n) va 
ngifdc lai. 

2. Mach on ap tuyen tmh 


a) Mach on dp clung diod Zener: 


Mach on ap dung diot Zener nhu hinh 8.14 chi dung cho 
cac loai tai R|_ co cong suat nhd. 


Hinh 8. j4: On ap 
dung diod Zener 



Mach yeu can phai cho ra dien ap Vo = V|_ = hang so. (5 day 
dung diod Zener lam linh kien ghim ap de gitf dien ap ra cap cho lai 
dtfdc on dinh. 

Ta co: V 0 = V L = V z (hang so) 
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Chifring 8 


Khoi cung cap nguon 


Dieu kien de mach on ap hoat dong tot la: 


V, = (1.5-s-2)V 0 


va thong thuttng chon: Iz = II 
Nhtf vay, dong dien chung qua dien trd R la: 
Ir = II + Iz = 21 L 


Tinh tr| so dicn trot R : 

V - V 
' i y n 


R = 


2 /, 


(V| = la tri so trung binh) 


Dien trd R dUdc chon co cong suat la: 


P R = 2P = 2R1 l ' 


Trong cong thtfc tren, “2" la hS so an toan cho dien trill. 

Diod Zener di/Oc chon phai co cac thong so* ky thuat nhif sau: 


V Z = V L 

Iz mat ^ 4 I l (4: la he so an toan) 


Mach nay co nhifdc diem la khi tai co dong dien ldn thi diod 
Zener cung phai co cong suat ldn. Dieu nay kho thtfc hien trong thitc te. 

b) Mach on dp noi tiep: 


De tranh nhtfdc diem cua mach on ap dung Zener nhtf mach 
tren, ngtftii ta dung Zener ket hdp vdi transistor de tao nguon on ap 
co cong suat ldn. V = V 




Mach Tu’dng Tu~ 


Nguyen Tan Phddc 


Xet mach on ap noi tiep hinh 8.15 ta co: 

Vl — V 0 = Ve = Vh - Vbe 

Trong do: V B = V z = hang so' 

nen V 0 = V L = V z - V BE = hang so (V BE = 0,7V) 

Nhd vay, dien ap ra dddc on dinh va khong tuy thuoc dien ap 
vao Vi va dong dien tai L ma chi tuy thuoc vao V z . 

Be cho mach on ap hpat dong tot van phai co dieu kien: 

V l = (l,5f2)V 0 

Cach xac dinh tri socua linlt kien: 

Trong mach dien ta co dong dien tai I L chinh la dong dien Ie 
do transistor cung cap. 

Taco: Il = Ie va ] -Li. = Ll 

P P 

Trong trdctng hop nay dong dien tai co tri so lc3n da dddc qui ra 
dong dien nhd la I B nhd tinh khuech dai dong cua transistor. Luc do, 
viec chon dong Iz qua Zener se chon theo dong dien I B co trj so nhd 
chuT khong chon theo dong dien tai 1 l co tri so ldn. Nhd vay, diod 
Zener co the dddc chon loai co edng suat nhd ma van on ap dddc 
cho tai cd cong suat ldn. 

Thong thddng chon: I z ^ (1 4- 2) l B (1 r = lz + Ib) 

Bien trd R B dddc tfnh theo edng thtfc: 


Diod Zener dddc chon vdi cac thong so sau: 

lz max - 4.1z 

Vz = Vo + V BE 
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ChtfOng 8 


Khoi cung can nguon 


Transistor dtfdc chon vdi cac thong so" sau: 

Ic max — 2.1 l 

Cong suat tieu tan d transistor la: 

Pt = Ic-Vce= IjiVi-K) 


Chon transistor co cong thu'c tieu tan cut dai la: 

Po max - 2 Pt 

Thjdu : Mach on ap noi tiep co V| = 18V den 24V. 

Yeu cau dien ap ra on dinh la Vo = 12V va dong tai trung binh la li. = 
500mA. Cho biet transistor co P = 50. 


Dien ap vao trung binh la: 

V, = — - — = 21V 


Do dong dien tai I L qua transistor nen: 


lc = II — 500mA 


n r l r 500.10' 3 1A 

Suy ra: I H — — =- \0mA 

* B 50 


Chon dong dien qua Zener la: 

Iz = 2 I b = 2 ,10mA = 20mA 
NhU vay, co the chon diod Zener co cac thong so: 
V Z = V 0 +V BE = 12+0.7= 12,7V 


Iz max = 100mA 


Tinh dien trcf R B : 

y,-y z y,-y z 


*« = 


i 7 +i,< 


21-12,7 
20.1 O ' 3 + 10 . 10' 3 


= 280Q 
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Mach Tifrtng Tif 


Nguyen Tan Phiftte 


Chon transistor co: Icm** ^ 1A 
Ta co: P T = L c .V C k = 500.10 "'(21 - 12) = 4,5W 
Chon: P DMlaX = 2P T = 2 x 4,5W = 9W 

c) Mach on dp song song: 

NgifOc lai vdi mach on ap noi tiep, trong mach on ap song 
song transistor cong suat dUOc ghep song song vdi dien trd tai R L . 



Dieu kien cho mach on ap van la: 

Vi = (1,5 -r 2)V 0 

Trong mach on ap song song hinh 8.16 ta co: 

Vo = Vi. = V z + V BE = hang so 

Nhif vay, dien ap ra Vo van gift on dinh va khong tuy thuoc 
dien ap vao Vj hay dien trd lai Rl ma chi tuy thuoc vao V z . Tuy 
nhien mach chf hoat dong dung theo nguyen ly on ap neu tinh chon 
cac linh kien co cac thong so thich hop. 

Chon: lc = II 

Suyra: I = I c + II = 2 Il 

Tinh dien trfi K: 
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£tnft?ng H 


Khoi eung cap nguon 


Trong khi tinh chon tri so cac linh kien nen tinh vtfi tri so dien 
ap V| trung binh la: 

_ v -i -V 

is _ !m</r lnw« 

V i ~ 


_ V y - V v - V 

T r _ W * O _ } I V O _ V ) Y () 

V i ~ 


I 


l + h 2 / a 


Tinh chon diod Zener: 

Ta co: I B = 

Thuftng chon: I 7 = (5 4 - 10) I B 

Diod Zener dtfdc chon co cae (hong so sau: 

V z = V L -V BE 

Iz max ^ 2I7 

Cach tinh chon cac thong so ky thuat cho transistor giong nhif 
mach tren. 

cl) Mach on dp dung transistor raj) Darlington : 

Be tang kha nang cung cap dong cua mach on ap ngifdi ta 
dung hai transistor T 1 -T 1 rap kieu Darlington nhii mach dien hinh 
8.17. 


Hinh HJ7: Mach on ap 
rap kieu Darlington 
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Mach Ttfcmg Tif 


Nguyen Tan Phirffc 


Dien ap ngo ra diWc tinh theo cong thtfc: 


v„ =V Z - 2 V be = h&ng so 

Quan h£ giufa cac dong dien trong hai transistor ta co: 


II 

r*i 

II 

/C3 

P* 

fN 

LU 

II 

1,.., _ h 
a, fii 

(i) 

trong do: I E i = Pi -Ibi hay 

i =La l 
m P\ 

(2) 

Thay Ibi (1) vao I E | (2) ta co: 




i Li L 1 L 

m Pi p 2 Pi p , 


Nhit vay, dong dien I B i se rat nho so vdi dong dien tai II. 

Chon 1 2 = 21m thi dong dien qua dien trd Re la: 

I = Ibi + Iz = Ibi + 2Ibi = 3Ibi = 3 ' 

fix fii 

v _ v V - V 

Tinh dien trd R b : R h =- -- = -- - Pifi 1 

I 3/ j 

Trong mach nay dong dien I qua R B rat nho nen dien trd R b co 
tri so Idn, dong dien qua diod Zener it bien thien hdn nen dien ap 
Zener se chuan hon. 

e) Mach on dp vhao (much on dp tha noi ): 


Q Vo = V L 





Chirring X 


Khoi cunt; cap ngudn 


) 


Mach on ap phao coil goi la mach on ap c6 hoi tiep nhd lay 
dien ap mau cl ngo ra difa ve so vdi dien ap chuan bang transistor 
khuech dai sai biet T| (hinh 8.18). 


Dien ap mau Vs la dien ap giufa cua cau phan ap R a -Rb cung 
la dien ap phan cifc V B1 . Dien ap chuan V R chinh la dien ap Vz cua 
Zener de phan cifc cho ctfc E| . 


Cf ngo ra ta c6: 


V = v 

’ V V (> 


R 


R.t + 


v„ - r, 

' R u 


Xet transistor Ti ta co: 


Vs = V B | = Vz + V B F. = Vz + 0,7V = hang so 
Thay V s = hang so" vao cong thtfc tinh Vo ta co: 

K, = {y 7 + 0,7) * , +j?/) = hang so¬ 
rt* 

Nhtf vay, dien ap ra Vo se on dinh va co tri so tuy thuoc V z va 
li le cua cau phan ap R A -R B . 

* Nguyen ly 1U tlons (lieu Mn}v 
Taco: V 0 = V|-Vce 2 (1) 

VcE2 = Vri + VbE2 ( 2 ) 

Gia stf V| tang, do dien ap xoay chieu trtfdc mach nan dien 
tang, se lam V 0 tang theo cong thtfc (1). Luc do, dien ap mau V s 
cung tang theo ti le cua cau phan ap R a -Rb. Khi Vs tang lam V B i 
tang nen tang phan ctfc cho T| lam Ti dan dien manh hdn, dong I C i 
qua R| ciing dtfcfc tang len nen giam ap tren R| lam V R) tang. Dieu 
nay se lam V C E2 tang len theo cong thtfc (2) va khi V C e 2 tang thi 
dien ap ra V 0 se giam tref lai tri so"on dinh theo cong thtfc (1). 
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Mach Tuttng Ttf 


Nguyen Tan Phtftfc 


Tddng ttf ta c 6 the qui ra nguyen ly on dp d cac tracing hdp 
khac nhir khi V[ giam, dong di£n tai thay doi thi dien ap ra van dtfdc 
giur on djnh. 


Mach on ap phao dieu chinh dtfdc dien ap ra theo cong thifc: 


o 


= (^+0.7) 


R A + R)i 


Neu thay doi ti so" dien trd cua cau phan ap R A -R B se lam thay 
doi di$n ap ra. Trong thifc te ngufti ta thay cau phan ap R A -R B bdng 
cau phan ap R 3 -VR-R 4 . Khi dieu chinh bien trd VR (hinh 8.19) thi 
dien ap ra Vo se thay doi theo cong thifc : 


K, = (v, + 0 , 7 ) 


R, + VR + R 4 
VR + R ., 



* Thiet kejnacjv 

Gia suf thiet ke mach on ap co yeu cau: Vl = 9V, Ii_ = 1 A 
Dieu kien phai co cua mach la: 

V, = (1,5 -t- 2) Vj. 
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Chudng X 


Khoi cung can ngnon 


Suyra: V, = 1,5 x 9V + 2 x 9V 

V,= 13,5V + 18V =>V, =\5V 

Tinh cong suat tieu tan tren transistor T 2 la: 

r i2 =(v,-v 0 )l, =(\5-9).\ = 6W 
Chon transistor T 2 c6 cong suat tieu tan cite dai la: 

Pd max = 2x6=12W (VD: chon transistor 2SD 28) 

Chon diod Zener co V z = 1/2V L . Vi du chon Zener 4,5V. 
Dong dien Ir qua cau phan ap R 4 -VR-R 4 dUdc tinh sac cho co tri so 
rat nhd so vdi tai de coi nhtf khong dang ke. 

Chon: /„ = A. = _L = \0mA 

* 100 100 

Nhd vay, co the tinh dude tong dien trd cua cau phan ap la: 

R, + VR + R 4 = — = — 9 -^ = 900ft 
/„ 10.1 O'- 1 

Co the chon Ri = 300Q, R 4 = 400ft va bien trd VR = 200ft 

Transistor T| phai co Ibi rat nhd so vdi Ir de khong anh hddng 
den cau phan ap: 

Chon: 1 m - 1 P'^ — = 0,\mA 

100 100 

Nhtf vay, neu T| cd (3 = 50 thi dong dien I E! la: 

Iei = P- Ibi = 50 x 0,1mA = 5mA 

Chon dong dien qua Zener Idn khoang hai den ba lan I E! de 
dong Iz dude on djnh va it bi anh htfdng theo dien ap V,. 

Chon: I z = 3I E i = 3 . 5mA = 15mA 

Suy ra dong dien I 2 qua dien trd R 2 la: 

I 2 = Iz - I E | = 15mA - 5mA = iOmA 



Mach Tilting Tir 


Nguyen Tan PhUfle 


Tinh tri so R2: 


R . V,-V 2 _ 9-4,5 _ 

2 1 1 A 1 A 


450ft 


10.10 


Dong dien qua R| la tong so cua dong I B 2 va lei. trong do: 

I in = ^=- - — - — - 20 mA 
(ip 50 

va: lei = Iei = 5mA 

Dong dien qua R| la: Ii = lei + 1 b 2 = 5mA + 20mA = 25mA 

Tir do co the tinh dien tret R| la: 

P;-(r,,F„)J5- ( 9 + 0.7 ) = ^ a200n 
/, 25.10 25.10 

Vdi cac tri so dien trd cua cau phan ap R.7-VR-R4 thi khoang 
dien ap on dinh ct ngo ra co the dieu chinh la: 


K> . =(^+ 0 , 7 ) 


va 


V t>m , n =(4.5 + 0.7) 

=(V,+0J) 


R.+VR + R 4 
VR + R .4 

900 

200 + 400 

/?, + VR + R 4 


= 7,65F 


R 


K, m =< 4 .5 + 0,7)22£ = ll,5K 


Nhuf vay, khoang dien ap ra co the dieu chinh difdc la: 


V 0 = 7,65V - 11,5V 

Khoang dien ap nay da Ihoa yeu cau cua mach la = 9V. 

f) Cac kie’u on dp phao khuc: 


1X2 



Khoi cung cap nguon 


ChifOng 8 


* Diing transistor cons suat PNP va Zener dat d tren: 


Trong mach dien hinh 8.20, dien trd R, la dien trof khdi d6ng 
cho mach. Khi mach dtfcfc cap nguon Vi thi R\ lay nguon Vj cap cho 
cau phan ap R1-VR-R4 phan clTc cho T| dan se dieu khien T 2 dSn. 


Dien ap on dinh d ngo ra bay gift dutfc tinh theo cong thuTc: 


v 0 - (yt + 0 , 7 ) 


R, + VR + R 4 
R, + VR 


Nguyen ly hoat dong cua mach la: 


- Khi V 0 tSng se lam V| tang va se lam V BE i giam, dieu nay 
se lam T| chay yeu dieu khien T 2 chay yeu (do Ici = Ib 2 )- Khi T 2 
chay yeu co nghTa dien ap Vce 2 se tang va lam cho dien ap V Q giam 
lai vi ta da co: Vq = V| - Vc E 2 (1) 



* Duns transistor cong suat PNP dal ddudij 

Mach dien hinh 8.21 cung co nguyen ly on dp giong nhir cac 
mach tren. Cong thuTc tinh dien ap on dinh d ngo ra la: 


V, 


= (V, + 0,7) 


R 3 + VR + R a 
R-+VR 
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Mach Tifdng Tyf 


Nguyen Tan Phifctc 



3. IC on ap ba chan 

Hien nay ngirdi ta che tao dtfdc cac IC on ap ba chan rat tien 
Uii cho viec thiet ke cac bo nguon on ap c6 cong suat nho vi chi 
dung it linh kien ben ngoai. 

a) [C on do ba chan ho 78xx va 79xx: 

IC ho 78xx la IC on ap nguon dhdng, IC ho 79xx la IC on ap 
nguon am. Hai so sau ghi la xx chi dien ap ra diTdc on dinh. 

Thi du: pA 7805 la IC on ap nguon di/dng co Vo = +5V 
pA 7905 la IC on ap nguon am co V 0 = -5V 

Tuy theo kha nang cung cap dong dien cua IC on ap ngUdi ta 
ghi them mot mau tit sau ho 78 hay ho 79 de chi dong dien ra danh 
dinh. 

Thi du: IC 78Lxx: co dong ra danh dinh la 100mA. 

IC 78Mxx: co dong ra danh dinh la 500mA. 

IC 78xx: co dong ra danh dinh la 1 A. 

IC 78Txx: co dong ra danh dinh la 3A. 

IC 78Hxx: co dong ra danh dinh la 5A. 



Chtfdng 8 


Khoi cung cap nguon 


Cac loai IC on ap khae ttfdng tfng vdi ho 78-79 la: 

- Ho LM340 xx tifdng ting vdi ho 78xx. 

- Ho LM320 xx ttidng ufng vdi ho 79xx. 
b) Cac dans, vo 1C on dp: 


1 : Input 

2 : Output 

3 : GND 

Hinh 8.22 : Cach ra chan cua IC ho 78 




TO-3 



Hinh 8J3 : Cach ra chan cualC ho 79 


1 : (1ND 

2 : Output 

3 : Input 


c) Mach on ap nguon dUtfng va much on dp nguon am 


Mach on ap dung IC ha chan co sd do rat ddn gian nhti hinh 
8.24a va hinh 8.24b. Cac tu dien .33 va .1 5 ngo vao, ngo ra dting de 
loc nhieu tan so cao, bu cho dap ufng qua dp cua on ap. Dien trd R 
va Led d ngo ra dude tfnh co dong dien qua Led tti 5mA den 10mA 
tao dong nuoi cho mach on ap gitf cho dien ap ra dtidc on dinh. 
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Mach Ti/dng Tu 


Nguyen Tan Phifdc 



Hinh 8.24a \ On ap nguon dUdng 



Hinh 8.24b : On ap nguon am 


d) J_C_ on an ha chan dieu chinh dtftfc: 

Hien nay ngtfdi ta con che tao ra on ap ba chan co the dieu 
chinh dien ap ra b&ng mach dieu chinh dat ben ngoai IC rat tien 
dung. Kha nang dieu chinh dien ap d ngd ra cua cac loai IC nay tir 
1,2V den 25V. 

V, 

Hinh 8.25 : IC on ap * 
dieu chinh dien ap ra 

“I 



Loai IC on ap nguon during co LMI17/ 217/ 317... 
Loai IC on ap nguon am co LM137/ 237/ 337... 


186 






ChiTclng 8 


Khoi cung cap nguon 


Mach (lien hinh 8.25a la mach dien tfng dung cua IC on ap 
du'cfng dieu chinh dude. 

Yeucau: V G = 1,2 V + 25V 

V, > 28V 

Dong dien dieu chinh l a( ij co tri so rat nhd khoang 50pA den 
100pA. 

Dien ap ra thay doi dude tfnh theo cong thtfc: 

r„.i.25A±A 

4. Mach on ap xung 

Cac bo nguon on ap theo phiXdng phap thong so (dung diod 
Zener) hay phddng phap tuyen linh (dung diod Zener hay transistor) 
co hieu suat thap, khoi lifting va ki'ch thifdc ldn do co chda nhieu phan 
til cam khang nhtf bo bien ap. Hieu suat cua mach on ap loai nay 
thiftlng chi khoang 50%. 

Mach on ap theo phtftfng phap xung (con goi la on ap theo 
kieu chuyen mach) tranh dude cdc nhtfdc diem tren, hieu suat cao 
khoang 80% den 90%. 

a) Nguyen /v mach on an xung; 

Trong mach on ap tuyen tinh cac phan til dieu khien phai 
lam viec lien tuc, trong mach on dp xung cac phan tuf dieu khien 
lam viec theo kieu dong md. Thdi gian dong md cua no dude ttf dieu 
chinh de dieu tiet so' nang lifting cung cap cho tai nhdm giff cho dien 
ap trung binh cap cho tai la hang so". 


Hinh &26: Nguyen ly 
mach on ap xung 
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Mach Tifdng Tif 


Nguyen Tan PhUdc 


Hinh 8.26 la sd do nguyen ly cua mach on ap xung vdi K la 
phan ttf dieu khien se lam viec d hai trang thai. Thdi gian K dong 
goi la thdi gian d§n t (>n co V Q = Vf, thdi gian K hd goi la thdi gian 
ngat t„ft co V Q = OV. 

Chu ky hoat dong cua khda K la: 

= ton "+■ toff 

Dien ap ra difdc tmh theo cong thtfc: 


Ngifdi ta dinh nghia do rdng Q la: Q - — 

^ n n 

Suy ra: V (> = 

Khi dien ap ngo vao V| thay doi thi ta co the thay doi Q theo 
cung hirdng vdi V| theo ti le tt/clng ufng thi se co dien ap ra V () khong 
doi. Thay doi Q co nghTa la thay doi thdi gian t on ma van gif? nguyen 
chu ky T. 

Ttfdng tif neu Vi co dang gdn song bat ky thi ta cung co the 
thay doi thdi gian dong md cua khoa K sao cho khi V| thay doi thi 
Vo khon£ doi. 

De dieu chinh gia tri Q co the thtfc hien bang cac phtfdng phap 

sau: 


* Dieu chejtd rang xung: 

Dieu che do rong xung la lam thay doi thdi gian dong khoa K 
(t (m ) bay lam thay doi thdi gian md khda K (t„n). Luc do chu ky T se 
khong doi. 


Theo nguyen ly iron ta co: 


vdi 
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Chtfdng 8 


Khoi cung cap nguon 


Nhtf vay, khi Vj tang thi do r6ng Q phai tang theo cung ti le 
hay noi each khac la t„ n phai giam. Luc do di$n ap ra V G se dUdc giff 
on djnh. 

* Dieu che_ tan so xung: 

Dieu che tan so xung la lam thay doi chu ky T trong khi giff 
nguyen t„ n (hay t„n). Khi chu ky T thay doi ttfc la thay doi tan so f 
cua xung dieu khien . 

Cung theo nguyen ly tren mach cd nguyen tac di£u chinh la 
khi dien ap vao V| tang, do rong Q phai tang b5ng each tang chu ky 
T. Neu co t OI , la hang so thi tSng chu ky T tufc la tang thdi gian md 
khoa K (tort). 

b) S<J do khoi: 



Bien ap nguon dung de doi dien ap 220V cua lUdi dien xuong 
mufc dien ap thich hop cho tai. Nhieu trUdng hop dien ap Itfdi 220V 
difctc nan dien true tiep chuf khdng qua bten ap nguon. 














Mach Tiftlng Tuf 


Nguyen Tan Phifdc 


Mach nan dien doi nguon dien ap xoay chieu sau khi bien ap 
nguon ra dien ap mot chiSu nhifng khong dtfctc giff on ap. 

Phan (Or dieu khien la mot linh kien ban dan tfch cut co chut 
nang nhu’ mot chuyen mach (cong tac) de dan hay ngat nguon mot 
chieu sang mach loc dien, sau do cung cap nguon on ap cho tai. 


Dien ap ra tren tai qua mach lay dien ap mau V$ dtfdc dtfa vao 
mach khuech dai so sanh do so vdi mut dien ap chuan Vr tao bcfi 
linh kien dien tu 1 thong qua diod Zener. 


Mach dao dong tao xung de tao ra cat xung chuan dtfa vao 
phan tuf dieu khien. Xung kich dieu khien co thong so thdi gian thay 
doi nhu" the nao thi tuy thupc mach dieu che xung. Nhd vay, xung 
kich dieu khien lay ra sau mach dieu che xung se dieu khien trang 
thiii dong hay nut cua phan tuf dieu khien. 

c) So dd chi tiet: 


* Nuufin on dp: 

Bien ap TR nhan nguon dien ap xoay chieu cua Itfdi dien doi 
ra mut dien ap thich hdp, thudng dien ap ra d thu" cap co tri so bang 
khoang hai lan dien ap ra V 0 . Cau diod va mach loc LC la mach nan 
dien loc dien cho ra nguon dien ap DC khong on ap. 

* Phan tuutieu khien va mach loc nao raj 

Transistor T y la phan tuT dieu khien loai transistor cong suat 
ma se cap dong cho tai Rl- O ngo ra cua mach on ap co mach loc 
LC de loai bo thanh phan xoay chieu. Do xung kich co tan so cao 
nen tu loc chi can co tri so nho lpF la du. 


* Mach dao dong too xuns: 

Mach dao dong tao xung la dao dong da hai phi on dung hai 
transistor T| va T 2 . Hai transistor Ti-T^ se luan phien ehay d hai 
trang thai bao hoa va ngtlhg din, thdi gian ngifng dan cua hai 
transistor la thdi gian xa dien cua tu dien C = 0,2pF qua dien trd Rr 
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Chifdng 8 


Khd'i cung cap tig nan 


phan ctfe cho hai cifc B. Trong mach nay dien trd R B cua hai 
transistor difdc thay the bang hai transistor Ti va T 4 . 



Hinh_^2H: Mach on ap xung 


Nhtf vay, dong xa cua tu C cung chinh la dong Ic.i va Ic 4 . Tin 
hieu xung vuong ra d cifc C 2 se dieu khien mach lao xung kich. 

* Mach khuech dai so sdnh va dieu chejlo rdng xungj 

Mach khuech dai so sanh la hai transistor T 5 va T<s rap kieu 
khuech dai vi sai. Cifc B 6 difdc phan cifc d dien ap chuan Vk nhd 
cau phan ap cd diod Zener, cifc B 5 dUdc phan cifc bang dien ap mau 
Vs nhd cau phan ap lay tif dien ap ra V„ cd bien trd dieu chinh Vr. 
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Mach Tiftfng Tu 1 


Nguyen Tan Phifctc 


Mach khuech dai vi sai Ts-TV, se so sanh Vs va Vr de dieu 
chmh phan cdc cho Tj va T 4 , dieu nay lam lhay doi thtli gian xa dien 
cua tu C tut la thay doi do rong cua xung vudng ra d cifc C 2 - 

* Mach kich dieu khien: 

Tin hieu xung vudng ra cua much dao dong da hai d cifc C 2 se 
dtfdc hai cifc cua transistor T 7 -T« khuech dai dong dien len du ldn 
(do T 7 -TK la hai transistor rap kieu Darlington). Dong lex se dieu 
khien phan td dieu khien Ty (con goi la phan td chuyen mach) theo 
dang tin hieu xung vudng nen T y se chay d che dp bao hoa va ngifng 
dSn. 

d) Nguyen /v van chuverv 

Khi cap nguon V A c vao set cap bien ap, qua bien ap giam 
xuong mdc dien ap thich hdp. Mach nan dien va mach loc LC se 
cho ra nguon mot chieu khong on dinh. Luc do, Ty khdng dan nen 
V„ = OV do cac mach tao xung, khuech dai so sanh chiTa lam viec vi 
chda difdc cung cap nguon. 

An nut K de lay nguon khdng on djnh cap cho mach dieu 
khien theo kieu kich mdi. Luc do T|-T 2 dao dong cho ra xung dieu 
khien T 7 -TX va Tu dieu khien trtfc tiep bang tin hieu xung vudng 
do mach tao xung tao ra. Khi T y hoat dong cho ra dien ap V () cap 
cho tai dong thdi cap cho cac transistor tif T| den Tx trong khoi dieu 
khien thay cho nguon lay qua nut an K. 

Nguyen ly (if dong dieu chi’nh ciia mach on ap: 

- Gia thiet dien ap ra Vo tang do dien ap ngo vao tang hay do 
sir giam dong tai tieu thu, luc do, dien ap mau Vs se tang lam tang 
phan cifc T 5 . Khi T 5 difdc tang phan cdc thi Ics tang keo Ti chay 
manh theo nen Io tang. Dieu nay lam tu C xa dien qua Ti nhanh 
hdn cd nghia la thcfi gian ngdng cua T 2 ngan hdn lam thcfi gian cdc 
C 2 cd dien ap cao ngan hdn. Khi cifc C 2 cd dien ap cao se dieu 




Chtfrtng ft 


Khoi cune cap nguon 


t„ n se bj giam theo thcti gian ngtfng cua T 2 . Nhtf vay, dien ap se dtfdc 
giffon djnh theo nguyen ly on ap xung lit: 



Cac thong so" va linh kien tfch cut cua mach: 

T| -T 2 : 2 x C 425 

T, - T 4 : 2 x A 554 

T 5 - T 6 : 2 x C 425 

T 7 : C 1016 co cong suat 2W 

T*: C 1061 co cong suat 25W 

T 7 : B 693 co cong suat 125W 

Z: 5, IV - 500mW 

V 0 = V L = 12V 

Mach bao ve qua tai hay ngiln mach d ngo ra hoat dong theo 
nguyen ly sau: 

Khi ngo ra bj ngan mach thi ttfc thcJi cung mat nguon cap cho 
mach tao xung nen T|-T 2 ngtfng keo theo T 3 -T 4 -T 5 -T 6 deu ngtfng 
lam T 7 -T x cung ngtfng va ttfc thcli ngtfng dan khong cap dien ap 
cho tai. He thong chi hoat dong lai khi ngo ra het ng^n mach va an 
nut K de mach tao xung tiep tuc cho ra xung dieu khien. 

5. Mach tfn dong 

Mach on dong viet tat la VCCR (Voltage Controlled Current 
Source = nguon dong dien dtfdc kiem soat bang dien ap). 

a) Mach on dong UL 
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Mach Tiding Tu* 


Nguyen Tan Phudc 


Mach on dong la mach gift cho dong tai on djnh ma khong phu 
thuoc theo dien ap nguon Vcc hay tri so cua dien trd tai R L trong 
mot gidi han cho phep. 

+ V C c + Vcc 




Sd do htnh 8.29 la mach on dong cd ban dung mot transistor 
va diod Zener. 

Theo mach phan ede ta co: 

V B = Vz (hang so) 

V E = V B - V B e = V z - 0,7V (hang so) 


Suy ra: I = 


V, V, - 0,7 


R,: 


R r 


Do: II = Ic = le nen dong dien tai cung co tri so on dinh theo 
cong thiic tren. 

bj Mach on clone dung OP-AMP: 

Ddi vdi cac tai cong suat nhd tht co the dung OP-AMP ket hdp 
diod Zener de lam mach on dong. 
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ChiTdng ft 


Khoi cung can nguon 


Trong mach dien hinh 8.30, dien trd R s (Sense) la dien trcf 
cam bien (con goi la dien trrf do) dong dien tai tao ra dien ap hoi 
tiep ve de so vdi dien ap chuan. 

Dien trd R va diod Zener la mach tao di^n ap chuan Vr de 
difa vao ngo In + cua OP-AMP. 

Do tinh chat cua OP-AMP ta co: 

V, + = V,- hay Vz V s 

Zj —> ocQ (nen dong dien vao Ij —> 0 ) 

Nhtf vay, dong 1 L qua tai R L va qua Rs co cung tri so nen: 

V s v. 




Rs Rs 


(hang so) 


Muon thay doi tri so dong dien on dinh qua tai th) ngiTdi ta 
thay doi tri so dien trd Rs hay diod Zener. 
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TU SACH KY THUAT DIEN - DIEN T0 

CUA TAC GIA NGUYEN TAN PHlitfC 


* GIAO TRINH DIEN Tlf KY THUAT 

1- Linh kien dien ttf (kho 16x24) 

2- Mach dien tuf - Tap 1 

3- Mach dien tuf - Tap 2 

4- Mach dien luT - Tap 3 

5- Mach so - tap 1, 2 

6- Mach lifting ttf (kho 16x24) 

* GIAO TRINH DIEN Tl/ CONG NGHIEP 


(tai ban lan thtf 10) 
(tai ban lan thtf 6) 
(tai ban lan thtf 4) 
(sap xua't ban) 
(da xua’t ban) 
(tai ban lan thtf 3) 


1- Linh kien dieu khien 

2- Ky thuat xung can ban va nang cao 

3- Dien tuf tfng dung trong cong nghiep- Tap 1 

4- Dien tuf ufng dung trong cong nghiep- Tap 2 

5- Dien tuf cong suat 

* GIAO TRINH DIEN CONG NGHIEP 


(tai ban lan thif 6) 
(tai ban lan thur 3) 
(tai ban lan thtf 4) 
(sap xuat ban) 
(tai ban Ian thtf 2) 


1- Dien ky thuat 

2- Do lifting dit?n va khong dien 

3- Khi cu dien - Cam bien 

4- Trang b| dien 


(sap xua’t ban) 
(sdp xua’t ban) 
(sap xuat ban) 
(sap xuat ban) 


* GIAO TRINH DIEN TLf Tl/ DONG HOA 

1- L(ng dung PLC Siemens va Moeller trong ttf dong hoa (tai ban lan thtf 5) 

2- Ttf dong hoa vdi PLC va Inverter cua Omron (tai ban lan thtf 3) 

3- Lap trinh ttf dong hoa vdi PLC S7-200 cua Siemens (sap xua't ban) 

4- Cam bien - Lfng dung trong do lifting va dieu khien (sap xua’t ban) 

5 -Trang hi dien khong tie’p diem-Thang may cong nghiep (sap xua't ban) 

* GIAO TRINH DAY NGHE - HLfClNG NGHIEP (kho 14x20) 

1- Stfa chffa Thiet bj Dien - Dien ttf gia dung (da xua’t ban) 


2- Dien va Dien ttf can ban 

3- Dien ttf cong nghiep va Cam bien - Tap 1 

4- Dien ttf cong nghiep va Cam bien - Tap 2 

5- Ampli - Ly thuye’t va Thtfc hanh 


(da xua’t ban) 
(da xua't ban) 
(sap xua't ban) 
(sap xua’t ban) 


Gia: 30.000 dong 




